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BOOK  II. 


SECT.  III. 


Of  Fluids. 


CHAP.  I. 


OF  HYDROSTATICS;  OR  THE  EFFECTS  WHICH  ARISE 
FROM  THE  GRAVITY  OF  FLUIDS. 

FLUID  is  a body  whofe  parts  readily  yield  a 


to  any  impreflionj  and  in  yielding,  are  eafily 
moved  amongft  each  other. 

The  caufe  of  fluidity  is  not  perfedly  known,  n 
Some  are  of  opinion  that  the  particles  of  fluids  are 
fpherical,  and,  in  confequence  of  their  touching 
each  other  in  few  points,  cohere  very  flightly,  and 
Cafily  flip  or  Aide  over  each  other.  But  that  thj? 
particles  of  fluids  are  of  the  fame  nature  or  figure 


as 


2 CAUSE  OF  ‘fluidity. 

as  thofe  of  folids,  feems  probable,  from  the  very 
frequent  converfion  of  the  one  into  the  other.  It 
does  not  feein  rational  to  fuppofe  that  the  particles 
of  gold,  lead,  glafs,  &c.  when  in  fufion,  are  ^ren- 
dered fpherical  by  the  a6tion  of  the  fire,  and  when 
that  adtion  ceafes,  that  the  particles  refume  their 
former  figure,  as  the  bodies  become  folid  by  cool- 
ing. Neither  can  we  eafily  imagine,  that  the 
particles  of  water  are  changed  by  cold,  when  it 
becomes  a folid  and  brittle  lump  of  ice,  and  are 
again  reindated  in  their  original  form,  when  the 
ice,  by>  difTolution,  is  again  turned  to  water. 

c The  original  caufe  of  fluidity,  then,  does  not 
appear  to  confifl  in-  the  figure  of  the  particles, 
but  fimply  in  their  want  of  cohefion.  • 

D If  the  particles  of  a body  cohere  ftrongly  toge- 
ther, it  is  evident  that  they  will  not  eafily  move 
amongft  each  other.  Ah  impei-fe<5l  cohefion  muft 
therefore  be  one  of  the  properties  of  a fluid  mafs ; 
and  that  the  fmallnefs  of  tiie  particles  is  requifitc 
to  fluidity,  will  appear  by  confidering,  that  the  fur- 
face  of  a body  compofed  of  fmall  particles  muft  be 
much  more  fmooth  and  even  than  the  furface  of  a 
body  compofed  of  larger  particles : that  two  flat 
bodies  may  be  conceived  to  confift  of  particles  fo 
fmall,  that  their  furfaces  fliall  differ  infenfibly  from 
perfect  planes  : that  thefc  bodies,  if  placed  on  each- 
other,  will  Aide  without  the  leaft  fenfible  fridion  : 
and  that  if  the  particles  of  thefe  bodies  thus  placed 
on  each  other'  be,  by  any  means,  deprived  of  the 
whole,  or  the  -greateft  part  of  their  cohefion,  the 

4 
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PR£SSURE  OF  FLUIDS. 

bodies  will  not  only  Aide  on  each  other  in  the  juft 
mentioned  plane,  but  the  parts  of  the  mafs  wii]  alfo 
Hide  on  each  other  in  any  other  diredlion  whatfocver. 
Confequently  they  will  readily  yield  to  any  impref- 
fion,  and  in  yielding,  be  eafily  moved  amongft  each 
other  i that  is,  they  will  conftitute  a fluid  mafs. 

But  the  enquiry,  wherein  confifts  that  change  e 
which  bodies  undergo  when  their  confiftency  is  al- 
tered fo  as  to  make  them  aflfume  a fluid  form,  either 
denfe  and  almoft  incompreflible,  or  vaporous  and 
claftic,  belongs  not  to  this  place,  but  to  chemiftry. 

That  fcience,  which  treats  of  the  effeds  arifing  f 
from  the  weight  of  fluids,  is  called  hydrofta’tics. 

The  parts  of  fluids  are  heavy j but  becaufe  the  o 
upper  parts  reft  upon,  and  are  fuftained  by,  the 
parts  beneath,  and  becaufe,  by  the  property  of 
fluids,  the  parts  are  readily  moved  in  all  directions,- 
upwards  as  well  as  downwards,  they  do  not  at  firft 
conflderation  appear  to  be  heavy. 

The  bottom  of  an  upright  prifmical  or  cylin-  k 
drical  veflTel  is  prelTed  by  the  whole  weight  of  the 
fluid  contained  i and  as  the  weight  of  the  fluid  is  in 
proportion  to  its  height,  fo  is  likewile  the  prefiure. 
Thus,  in  the  cylinder  a b (fig.  1 14.)  when  filled  to 
c,  the  bottom  is  prelTed  by,  or  fuftains  a certaNi 
weight,  fuppofe  one  pound  j if  it  be  filled  to  d, 
the  prefiure  becomes  two  pounds ; if  to  a,  three 
pounds,  &c.  the  heights  bet'vveen  b,  c,  d,  and  a 
being  fuppofed  equal. 

The  whole  of  any  fluid  mafs  may  be  imagined  to  i 
confift  of  a number  of  columns  of  an  inconfider- 

E 2 able 


4 PRESSURE  OF  FLUIDS.  ^ 

able  thicknefs,  tvhich  Hand  perpendicularly  on  the 
bale  of  the  containing  veflel,  and  prefs  the  fame 
with  their  refpedtive  weights.  The  prefllire,  then^ 
if  the  height  remain  the  fame,  is  as  the  number  of 
columns,  and  this  number  is  as  the  area  of  the 

K bafe.  Confequently  in  veflels  whofe  bafes  differ 
as  to  area,  and  which . contain  fluids  of  the  fame 
denfity,  but  different  heights,  the  preflTure  will  be. 
in  the  compound  ratio  of  the  bafes  and  heights;, 
that  is,  in  numbers,  as  the  area  of  the  bafe  multi- 
plied by  the  height  of  the  fluid  in  one  veffel,  is  to 
the  area  of  the  bafe  multiplied  by  the  height  of  the  ^ 
fluid  in  the  other  veffel,  fo  is  the  preflTure  fuilained 
by  the  bafe  of  the  one  to  the  preflTure  fuflained  by 
the  bafe  of  the  other  veffel. 

L In  like  fituations,  the  prcffures  of  fluids  will  be 
as  their  denfities. 

M The  denfities  being  difcoverable  mofl  readily  by 
the  different  weights  of  bodies  of  the  fame  bulk, 
the  comparative  denfities  of  bodies  are  therefore 
called  their  fpecific  gravities. 

N ' If  the  columns  of  which  a fluid  mafs  was  fup- 
pofed  to  confift  (3,  i)  were  formed  of  particles 
lying  in  perpendicular  right  lines,  the  prefiure  of 
the  fluid  w^ould  be  exerted  on  the  bottom  of  the 
veffel  only ; but,-  as  they  are  fituated  in  every  irre- 
• guJar  pofition,  there  miifl,  of  cx?nfequence,  be  a 
prefiure  exerted  in  every  direfliori ; which  pref- 
fiirc  mull;  be  equal  at  equal  depths.  For  if  any 
part  of  the  whole  mafs  were  not  equally  preffed 
on  all  fides,  it  would  move  towards  the  fide  oh 
■ w'hich 
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which  tlie  preflure  was  leaft  j and  would  not  be- 
,come  quiefcent  till  fuch  equal  prelTure  w^as  obtained. 
The  quiefcence  of  the  parts  of  fluids  is  therefore  a 
proof  that  they  are  equally  prefled  on  all  fides. 

On  this  account  it  is,  that  fluids,  as  far  as  they  o 
are  not  prevented  by  external  accidents,  always  con- 
forrn  their  upper  furface  to  the  plane  of  the  hori- 
zon. For  if  any  column  or  part  of  the  fluid  be 
elevated  above  die  reft,  it  will  defcend  partly  by 
linking  into  the  fluid,  and  partly  by  its  lateral  pref- 
fure,  that  will  caufe  it  to  Ipread  fideways  over  tlie 
lurface,  till  it  becomes  uniformly  of  the  farne  height, 
or  horizontal. 

The  equal  preflTure  of  fluids  in  every  direftion,  p 
being  underftood,  may  be  applied  to  account  for 
many  phenomena  that  happen  to  them  in  different 
circumftances  j fome  of  which  are  the  following. 

The  horizontal  bottom  of  aveffcl  is  preffed  by, 
and  fuftains  no  more  nor  lefs  than  die  weight  of  a 
column  of  the  fluid  it  contains,  w'hofe  bafe  is  the 
bottom  itfelf,  and  whofe  height  is  that  of  the  fluid. 

In  the  veffel  e c df  (fig.  115.)  the  bottom  c d r 
fuftains  no  more  than  the  column  a b d c.  For  the 
other  parts  of  the  contained  fluid  can  only  prefs 
the  column  a b d c laterally,  and  therefore  contri- 
bute not  at  all  to  the  increafe  of  the  weight  or  pref- 
fure  on  the  botl;om  c d but  reft  intirely  on  the  fides 
jEC  and  FD, 

Alfo  in  the  yeffel  e c d f,  (fig,  1 16.)  the  bottom' 

E F fuftains  a preffure  equal  to  die  weight  of  a 
column  whofe  bafe  is  e f,  and  height  equal  to  c a. 

B 3 For 


j5  HYDROSTATICAL  PARADOX. 

For  the  prefTure  at  a b is  equal  to  the  weight  of 
the  colurhn  a b d c,  and  its  lateral  preflure,  which 
is  equal  to  the  fame  weight,  muft  caufe  the  parts 
between  e a and'  b f to  prefs  the  bottom  with  an 
equal  force  in  proportion  to  the  furfaces  they  cover. 
Confequently,  die  effed  will  be  the  lame  as  if  the 
whole  fluid  were  of  the  height  c a. 

T From  thefe  two  cafes  combined,  the  reafon  is 

t ' 

evident,  why  fluids  contained  in  the  leveral  parts 
of  veflTels,  (fig.  117.)  remain  every  where  at  the 
fame  height.  For  the  ioweft  part  where  they  com- 
municate, may  be  regarded  as  the  common  bale ; 
and  the  fluids,  which  relt  thereon,  are  in  equilibriq 
then  only,  when  their  heights  are  equal,  however 
their  quantities  may  vary. 

p The  hydroftatical  paradox,  as  by  fome  it  is  cal- 
led, depends  on  the  equal  prelTure  of  the  parts 
of  fluids  every  where  at  the  fame  depth.  It  is  this. 

v Any  quantity  of  fluid,  however  ‘fmall,  may  be 
made  to  counterpoife  and  fullain  any  weight,  how 
large  foever. 

w Let  a DBG  (fig.  1 18.)  reprefent  a cylindrical 
veflel,  to  the  infide  of  which  is  fitted  the  cover  c, 

■ which,  by  means  of  leather  at  the  edge,  will  eafily 
Hide  up  and  down  in  the  internal  cavity,  without 
permitting  any  water  to  pafs  between  it  and  the 
furface  of  the  cylinder.  In  the  cover  is  inferted 
the  fmall  • tube  q f,  open  at  top,  and  commu- 
nicating with  the  infiae  of  the  cylinder  beneath  the 
coYtr  at  c.  The  cylinder  is  filled  with  water,  and 
the  cover  put  on.  Then,  if  the  cover  be  loaded 

with 
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with  the  weight,  fuppofe  of  a pound,  it  will  be 
deprefled,  the  water  will  rife  in  the  tube  to  e,  and 
the  weight  will  be  fuftained.  If  another  pound  be 
added,  the  water  will  rife  through  an  ecjual  Ipacq  to 
F,  and  the  weight  will  be  fuftained,  and  fo  forth, 
according  to  the  weight  added,  and  the  length  of 
the  tube.  Now,  the  weight  of  the  water  in  the  tube 
is  but  a few  grains  j yet  its  lateral  prt-iTure  ferves  to 
fuftain  as  much  as  the  weight  of  a column  of  water, 
whole  bafe  is  equal  to  that  of  the  cylinder,  and 
height  equal  to  that  in  the  tube.  Thus,  the  column 
E c produces  a prefllire  in  the  water  contained  in 
the  cylinder,  equal  to  what  would  have  been  pro- 
duced by  the  column  a ado  j and,  as  this  prefllire 
is  exerted  every  way  equally,  the  cover  will  be 
preflfed  upwards  with  a force  equal  to  the  weight  of 
a ado;  confequently,  if  a ado  would  weigh  a 
pound,  E c will  fuftain  a pound : and  the  like  is 
true  of  other  heights  and  weights,.  And  by  dimi- 
nifhing  the  diameter  of  the  tube,  any  quantity  of 
water,  how  fmall  foever,  will,  in  theory,  fuftain  any 
weight,  however  large. 

The  fame  may  be  Ihewn  more  (imply  thus  : 

Let  AGBD  (fig.  1 19.)  reprefent  a hollow  cylin- 
der, and  M N a cylinder  of  wood,  which  nearly  fills 
its  cavity.  In  the  cylinder,  fuppofe  a little  v/ater, 
whofe  furface  is  gbj  then,  if  the  wooden  cylinder 
be  put  into  the  hollow  one,  the  water  will  rife  lie- 
tween  the  furfaces  to  a and  d,  and  the  wood  will  be 
fuftained  floating.  The  nearer  the  wooden  cylinder 
approaches  to  the  fize  of  the  cavity,  the  iefs  water 
is  necefiary  for  the  experiment. 

B ^ 
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p BUOYANT  FORCE  OF  ^FLiniJS* 

CHAP.  II. 

CONCERNING  BODIES  IMMERSED  IN  FLUIDS^  ANft 
THE  METHODS  OF  FINDING  SPECIFIC  GRAVI- 
TIES, 

IF  a folid  body  be  plunged  in  a fluid,  it  will  be 
preffed  on  all  fides,  but  not  equally.  Let 
DBEC  (fig.  120.)  reprefent  a.  folid  prifmatic  body, 
ipimerfid,  with  its  axis  vertical,  in  the  fluid  con- 
tained in  the  veflel  f g i h,  then  the  fides  d c and  b e 
will  be  equally  prefled  j the  upper  furface  d b 
will  be  prefled  with  the  weight  of  a column,  whofc 
bafe  is  d b,  and  height  a d,  and  the  under  furface 
will  be  preffed  upwards  with  a force  equal  to  the 
weight  of  a column  whofe  height  is  a c (4,  n).  The 
body  will  therefore  be  impelled  upwards  by  a force 
equal  to  the  excefs  of  a c above  a d ; that  is,  equiva- 
lent to  the  weight  of  a column  of  the  fluid  whofe 
length  is  d c,  the  bafe  being  all  along  fuppofed  to 
be  unvaried.  Whence  it  appears,  that  every  prifm, 
whofe  axis  is  perpendicular  to  the  horizon,  will, 
if  it  be  totally  imrnerfed  in  any  fluid,  be  im- 
pelled upwards  by  a force  which  is  equal  to  the 
weight  of  a quantity  of  the  fluid  of  the  fame  bulk 
with  the  prifm.  And  fince  any  folid  whatfoever 
may  be^  conceived  to  be  formed  of  an  indefinite 
number  of  fuch  prifms,  it  is  evident  that  the 
rule  is  true  of  all  bodies,  without  refped:  to  figure. 
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But  as  all  bodies,  by  the  force  of  gravity,  tend  u 
downwards,  it  depends  upon  the  abfolute  weight 
of  the  immerfed  body,  whether  it  fhall  afcend  or 
defcend.  If  the  weight  of  the  body  exceed  that 
of  an  equal  bulk  of  the  fluid,  the  excefs  of  force 
tends  downwards,  and  it  will  defcend ; but,  on  the 
contrary,  if  the  weight  of  the  body  be  lefs  than 
that  of  an  equal  bulk  of  the  fluid,  the  above- 
mentioned  preflhre  will  prevail,  and  it  will  afcend; 
if  both  be  precifely  equal,  the  body  will  remain 
at  reft  any  where  in  the  fluid. 

Thefe  things  being  confidered,  it  appears  that  c 
any  body,  hew  heavy  foever,  may  be  made  to 
fwim,  or  any  body,  how  light  foever,  to  fink,  if 
means  be  ufed  to  keep  off  the  preflTure  of  the  fluid 
from  the  one  or  other  fide,  as  circumftances  require : 
for,  if  ADBK  be  fuppofed  to  reprefent  an  open  d 
tube,  inftead  of  a column  of  the  fluid,  and  the 
body  D B c E be  applied  clolely  to  its  lower  orifice, 
lb  that  the  fluid  may  not  enter  the  tube,  the  pref- 
fure  oil  DB  will  be  taken  off,  and  confequently 
the  body  will  be  prefled  upwards  with  a force 
equal  to  the  whole  column  ac.  If  that  column 
be  of  fufficient  length,  that  is,  if  the  body  be 
immerfed  fufficiently  deep,  the  preflure  will  exceed 
the  gravity  of  the  body,  and  therefore  fuftain  it. 

In  the  fame  manner,  if  m be  a body  applied  to  e 
the  open  end  of  a tube,  which  is  clofed  at  n, 
the  inferior  prelTure  being  taken  oft,  the  body  will 
not  rife,  however  light,  but  remain  immerfed,  by 
rneans  of  the  preffure  on  the  fuperior  furface. 

When 
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F When  a body  floats  at  the  furface  of  a fluid, 
the  quantity  of  the  fluid,  difplaced  by  the  part 
immerfed,  is  equal  in  weight  to  the  floating  body. 
For  fince  the  body  prelfes  downwards  with  its 
whole  weight,  it  muft  fink  till  the  prelTure,  which 
the  fluid  exerts  upwards,  is  equal  to  that  weight. 
In  this  fituation,  fuppofe  the  fluid  to  be  con- 
gealed, and  the  folid  then  removed : a cavity 
will  be  left  in  the  fluid  correfponding  in  form 
and  magnitude  with  the  immerfed  part  of  the 
folid.  Imagine  this  cavity  be  filled  with  a quan> 
tity  of  the  fame  fluid,  fo  that  its  furface  may  be 
level  with  the  reft,  and  the  whole  fluid  then 
thawed.  The  fluid  which  occupies  the  place  of 
the  folid  will  then  be  prefled  upwards  with  a force 
'equal  to  that  fuftained  before  by  the  folid,  namely, 

^ equal  to  the  weight  of  the  folid.  But  it  is  not 
moved  by  that  force,  for  the  furface  muft  conti- 
nue level  (5,  o),  as  before  the  thaw.  The  Jaft 
mentioned  quantity  of  fluid  muft  therefore  prefs 
downwards  with  an  equal  force.  That  is  to  fay, 
the  weight  of  a quantity  of  fluid  equal  in  bulk  to 
the  immerfed  part  of  a folid  which  floats  on  its 
furface,  is  equal  to  the  whole  weight  of  the  folid. 

G By  the  fame  argument,  it  follows,  that  if  a 
floating  body  be  loaded  with  weights,  fo  as  to 

• caufe  it  to  fink  deeper  in  the  fluid,  the  additional 
parts  immerfed  will  in  bulk  be  equal  to,  or  dif- 
place,  parts  of  the  fluid,  whofe  weights  are  equal 
to  thofe  the  floating  body  was  loaded  with. 


Since 
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Since  bodies  of  equal  bulks  will  Ibfe  the  fame  h 
quantity  of  abfolute  weight  when  immerfed  in  fluids 
of  equal  denfity,  it  follows  obvioufly,  that  the 
bulks  of  bodies  are  in  proportion  to  the  lofs  of 
weight  they  fuftain  by  immerfion  in  a given  fluid. 
Whence  we  have  an  exa6t  method  of  determining 
the  bulks  of  bodies  whofe  weights  are  known,  and 
from  thence  finding  their  Ipecific  gravities.  For, 

As  the  bulk  of  one  body,  or  the  weight  it  lofes 
by  immerfion. 

Is  to  its  mafs  of  matter,  or  abfolute  weight. 

So  is  the  bulk  of  any  other  body,  or  the  weight 
it  lofes  by  immerfion. 

To  the  mafs  of  matter,  or  abfolute  weight,  it 
would  have  had  if  of  the  fame  fpecific  gravity 
with  the  firfl:  body.  Which  weight  laft  found 
being  compared  with  the  real  weight  of  the 
latter  body,  fliews  the  proportion  of  their  Ipe- 
cific  gravities. 

For  example  j if  34  oz.  of  lead  be  weighed  in  i 
water,  and  the  diminution  be  3 oz.  and  15  oz.  of 
tin  be  alfo  weighed  in  water,  and  the  diminution 
appear  2 02.  it  is  required  to  determine  the  pro- 
portion of  their  fpecific  gravities.  JFor  which  pur- 
pofe. 

As  the  diminution  in  the  lead  3,  is  to  its  weight  k 
34,  fo  is  the  diminution  in  the  tin  2,  to  the 
weight  of  a mafs  of  lead  of  the  fame  bulk  22  oz. 

O 3 I 

which  is  to*  1 5 as  the  fpecific  gravity  of  lead  is  to 
that  of  tin,  that  is  to  fay,  in  lower  terms,  nearly 
as  II i to  7 -I, 


But 
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L But  it  is  more  ufual  and  convenient  to  make 
rain-water  the  ftandard,  and  refer  the  other  fub« 
fiances  to  it : thus,  in  the  inftances  juft  mentioned, 
the  weight  of  a mafs  of  water  equal  in  bulk  to  the 
lead  is  3 oz.  lead  is  therefore  to  water  as  34  to  3, 
or  as  1 1 T to  ij  and  in  Jike  manner,  tin  is  to  water 
as  1 5 to  2,  or  as  7 1-  to  i . 

M When  the  folid  is  lighter  than  the  fluid  in  which 
it  is  weighed,  an  additional  body  of  greater  den- 
fity  may  be  joined  to  it : for  inftance,  fuppofe  a 
piece  of  cedar-wood,  weighing  92  dwts.  were  re- 
quired to  be  weighed  j join  to  it,  by  means  of  a 
fmall  hair  or  thread,  a piece  of  lead,  whofe.weight 
in  water  is  known,  and  weigh  them  immerfed  to- 
gether. The  lead  will  then  appear  to  weigh  lefs 
by  58  dwts.  than  it  did  without  the  addition  of 
the  cedar ; from  whence  it  is  e\’ident,  that  the  ce- 
dar is  impelled  upwards  by  a force  that  exceeds 
its  own  weight  by  that  quantity,  or,  in  odier  w'ords, 
that  a quantity  of  water,  equal  in  bulk  to  the 
cedar,  will  weigh  92  + 58,  or  150  dwts.  confe- 
quently  the  fpecific  gravities  of  water  and  cedar 
are  in  proportion  as  150  to  92,  or  in  lower  terms, 
as  I to  nearly. 

N In  this  experiment  it  is  necefiary  firft  to  fmear 
the  wood  lightly  with  fome  fat  fubftance,  other- 
wife  the  water  will  be  imbibed  by  the  wood,  and 
will  render  it  fpecifically  heavier  than  before.  In 
fad,  wood  is  not  fpecifically  lighter  than  water, 
but  by  means  of  the  air-veftels  -which  run  through 
its  fubftance. 
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The  beft  method  to  difcover  the  Ipecific  gravi-  o 
ties  of  fluids  is,  to  weigh  the  fame  fubfliance  in  dif- 
ferent fluids ; and  bccaufe  the  diminution  it  fuffers 
in  weight  is  equal  to  the  weight  of  a quantity 
of  the  fluid  of  tl-^e  fame  bulk,  we  thence  obtain 
the  weights  of  equal  quantities  of  different  fluids, 
and  the  fpccific  gravitieis'^ are  as  thofe  weights; 
thus,  if  a piece  of  glafs  weighed  in  the  concentrated 
acid  called  oil  of  vitriol,  lofe  85  grs.  and  when- 
weighed  in  water  only  40  grs.  their  fpecific  gra- 
vities will  be  as  thofe  numbers,  or  in  lower  terms, 
as  21  i to  10. 

The  hydrometer,  or  inftrument  ufually  applied  p 
to  find  the  fpecific  gravities  of  liquids,  is  con- 
ftrufted  as  follows  : a b (fig.  121.)  is  a tube 
of  glafs,  joined  to  a hollow  ball  c,  at  the  bot- 
tom of  which  is  a finaller  ball  d.  In  the  cavity 
D is  placed  a quantity  of  quickfilver,  by  which 
the  inftrument  is  fo  poifed,  that  it  fwims  in 
proof  fpirits  of  wine  immerfed  to  the  point  m. 

A quantity  of  proof  fpirits  equal  in  weight  to 
the  whole  inftrument,  will  therefore  be  equal  in 
bulk  to  the  immerfed  part  (10,  f.)  If  it  be  im- 
merfed in  another  liquid,  whofe  fpecific  gravity 
is  greater,  it  will  fwim  with  the  tube  higher  out 
of  the  water,  fuppofe  to  the  point  b.  Then  the 
weights  of  the  quantities  difplaced  remaining  the 
fame,  their  bulks  will  be  as  the  immerfed  parts  of 
the  hydrometer,  and  the  fpecific  gravities  of  the 
fluids  will  be  inverfely  as  thofe  bulks.  The 
proportion  which  any  length  of  the  tube  bears  to 

the 
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the  whole  bulk  of  the  inftrumcnt  being  knowny  It 
will  not  be  diificult  to  graduate  the  tube  fo  as  to 
indicate  the  fpecific  gravities  by  inlpedion.  But 
this  however  is  fcarcely  ever  done. 

This  inftrument  is  very  confined  in  its  ufe.  For 
if  the  liquors  differ  confiderably  in  fpecific  gravity, 
they  exceed  the  limit^bf  the  graduation:  thus 
the  hydrometer,  adapted  for  Ipirits,  will  fwim 
in  water  with  part  of  the  ball  above  the  fur- 
face  ; and  if  it  be  adapted  to  water,  it  will  not 
fwim  in  fpirits  at  all.  It  is  true,  this  may  be ' 
remedied,  either  by  lengthening  or  widening  - 
the  tube : but  the  firft  is  inconvenient,  and  the 
latter  would  make  the  graduations  fo  fhort,  as  to 
render  them  of  little  ufe. 

R To  make  this  inftrument  of  more  fervice,  there 
has  been  added  a little  plate  or  difh  d d (fig.  122.) 
at  the  top  of  the  tube,  upon  which  may  be  placed 
weights,  as  convenience  requires.  For  example, 
if  the  whole  inftrument  float  immerged  in  fpirits 
to  the  point  m,  it  will  require  an  additional  weight 
to  fink  it  to  the  fame  depth  in  water.  Suppofe  the 
inftrument  to  weigh  10  dwts.  and  tobeadjufted  to 
re6lified  fpirits  of  wine,  it  will  then  require  the 
addition  i A-  dwt.  to  fink  it  to  the  fame  point  in 
water.  Confequcntly  it  appears,  that  the  fpecific 
gravity  of  water  is  to  that  of  fpirits  of  y/ine  as  1 1 
to  10,  or  in  lower  terms,  as  i to 

s This  is  the  beft  hydrometer,  both  in  refpefl;  to 
exaftnefs  and  facility  in  pra6tice.  The  inftrument 
ufed  by  the  officers  of  Excife,  is  very  well  adapted 
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for  its  purpofe,  which  is  more  confined  : it  differs 
from  that  here  defcribed,  by  having  its  additional 
weights  fere  wed  on  at  a Item  at  e.  Thefe  inflru- 
ments  are  ufually  of  copper. 

An  attempt  has  been  made  * to  adapt  the  hydro-  t 
meter  to  the  general  purpofe  of  finding  the  fpecific 
gravity,  both  of  folids  and  fluids  (fig.  123.)  a is  a 
hollow  ball  of  copper ; b is  a difli  affixed  to  the 
ball  by  a flior'f  fiender  ftem  d ; c is  another  difli 
affixed  to  the  oppofite  fideof^yball  by  a kind 
of  ftirrup.  In  the  inflrume^^fcally  made,  the 
ftem  D is  of  hardened  fleekSjHp^n  inch  in  dia- 
meter, and  the  difh  c is  as  in  all  cafes  to 

keep  the  ftem  vertical,  wheif^e  inftrument  is  made 
to  float  in  any  liquid.  The, parts  are  fo  adjufted 
that  the  addition  of  1000  grains,  in  the  upper 
difli  B,  will  juft  fifli  it  in  diftilled  water,  at  the 
temperature  of  60^  of  Fahrenheit’s  thermome- 
tci,  fo  that  the  furface  fliall  interfedt  the  middle 
of  the  ftem  d.  Let  it  now  be  required  to  find  the^ 
Ipecific  gravity  of  any  fluid.  Immerfe  the  inftru- 
ment therein,  and  by  placing  weights  in  the  difli 
B caufe  it  to  float,  fo  that  the  middle  of  its  ftem 
D fliall  be  cut  by  tlit  furface  of  the  fluid.  Then, 
as  the  known  weight  of  the  inftrument  added 
to  1000  grains  j is  to  the  fame  known  weight 
added  to  the  weights  ufed  in  producing  the  laft 
equilibrium  : fo  is  the  wei^t^of*a  quantity  of  di- 
ftilled water  diiplaced  by  the  floating  inftrument ; 
to  the  weight  of  an  equal  bulk  of  the  fluid  under 

* By  the  i^uuwr  of  this  work. 

confideration. 
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confideration.  And  thefe  weights  give  the  ratio  of 
the  fpecific  gravities  (4,  m).  Again,  let  it  be 
required  to  find  the  fpecific  gravity  of  a folid 
body  lefs  than  1000  grains.  Place  the  infiiument 
in  diflilled  water,  and  put  the  body  in  the  difh  b. 
Make  the  adjuftment  of  finking  the  inftrumenc 
to  the  middle  of  the  ftem,  by  adding  weights  in 
the  fame  difli.  Take  thofe  weights  from  1000 
grains,  and  the  remainder  will  be  the  weight  of 
the  body.  Place  now  the  body  in  the  lower  dilh 
c,  and  add  more^ight  in  the  upper  dilh  b,  till 
the  adjuftment  is  again  obtained.  The  weight  laft: 
added  will  be  the  loft  the  folid  fuftains  (8,  z,  a) 
by  immerfion,  and  is  the  weight  of  an  equal  bulk 
of  water.  Confequently  the  fpecific  gravity  of  the 
folid  compared  with  water,  is  as  its  weight  to  the 
loft  it  fuftains  by  immerfion. 

u This  inftrument  was  found  to  be  fufficiently  ac- 
curate to  give  weights  true  to  lefs  than  one  twen- 
tieth of  a grain. 

V Experiments  concerning  fpecific  gravities  are 
more  difficult  to  be  made  with  accuracy  than  au- 
thors in  general  feem  to  imagine.  For  we  often 
fee  tables  of  fpecific  gravities  carried  to  four,  five, 
and  even  fix  places  of  figures ; whereas  a difference  of 
a few  degrees  in  the  temperature  of  the  water  will 
change  the  fourth  figure.  In  different  Ipecimens 

, of  the  fame  wood,  the  fpecific  gravities  will  vary 
in  the  third  figure,  as  will  alfo  metals  caft  out 
of  the  fame  melting,  but  cooled  more  quickly  or 
flowlyj  and  thefe  alfo  are  alterable  by  hammer- 
ing. 
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ing  *.  Natural  and  artificial  compounds  have  like- 
wife  great  varieties  of  denfity  in  the  feveral  Ipeci- 
mens  denoted  by  the  fame  namei 

A Table  of  Specific  Gravities,  extrafled  from  -vr 
various  Authors* 

Aijfciors.  Sp.  Gravity. 

Kirwan  - 23.0CO 

Mufchenbroelc  19.238  to  19.640 
Mufehertbroek  - 17,150 

Kirwan,  Mufehen.  1 1.091 

Kirwan  - 8,7  to  9.300 

Mufehenb.  7"738  to  7*^955 

Mufchenbroelc  - 7*3o9 


Names. 

Platina  . _ - 

Gold 

Gold  ftandard  of  George  II 
Silver  - - 


Copper  - - - 

Steel  foft 

Steel  elallic  - - - 

Iron  bar  - - - 

Lead  - - - 

Tin  - - - 

Mercury  - - - 

Zink  - _ - 

Regulus  of  antimony 
Regulus  of  arfenic  - 
Rifmuth  _ _ _ 

Cobalt,  the  regulus 
Nickel  - - 

Regulus  of  manganefe  - 
Wolfram,  the  regulus  * 
Common  brimftone 
Fine  glafs 

Plate  glafs  - - * 

Plate  glafs 

Green  glafs  for  retorts,  &c. 


Mufehen  brock 
Mufehenbroek 
Mufchenbroelc 
Mufehenbroek 
flirwan 
Kirwan 
Kirwan 
Kirwan 
Kirwan 
Kirwan 
Kirwan 
f De  Luyart 
Mufehenbroek 
Mufehenbroek 
Mufehenbroek 
B.  Martin 
Mufehenbroek 


7.60  to  7.875 
1 1.226  to  ! 1 .479 
^ iOOO  to 
13.55 

6.9  to  7.24 
6.860 
- 8.310 

9.6  to  9.7 

7.7 

7.421  to  9^000 
6.850 

- 17.6 

1.8 

3.150  to  3.380 

2.888 

- 2.76 
2.620 


* Experiments  frequently  repeated  by  the  Author  have 
fhewn  the  fpecific  gravity  of  two  nearly  equal  fmooth  cy- 
linders of  lead,  call  out  of  the  fame  fuficn  were  fpecifically 
in  weight  to  each  other  as  1 1 38  to  1 1 25. 

f A chemical  analyfis  of  wolfram.  London,  1785. 
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Names. 

Authors. 

Sp.  Gravity. 

Crown  glafs 

B.  Martin 

2.52 

White  flint 

B.  Martin 

3. 29 

White  flint 

- 

3.216 

Denfe  glafs  for  achromatic 
ufes 

3*437 

The  concave  of  an  achro- 
matic lens  - 

3*436 

Calcareous  fpar  (calx  aeJiF 
ta)  from  the  fame  piece 

m 

2.71 1 to  2.726 

Ponderous  fpar  or  barytes 
vitriolata 

4.474 

Quartz 

Mufehenbroek 

2*763 

Rock  cryllal 

Mufehenbroek 

2.650 

Diamond 

Mufehenbroek 

3.466  to  3.654 

Rain-water 

- 

1.000 

Dillilled  water 

Mufehenbroek 

0.993 

River  water 

Mufehenbroek 

1.0C9 

Sea  water 

Mufehenbroek 

1.030 

Saturate  folution  of  fea-falt 

M ufehenbroek 

1.244 

Concentrated  vitriolic  acid 

Bergman 

2.125 

Concentrated  nitrous  acid  - 

Bergman 

- 1.580 

Concentrated  muriatic  acid 

Bergman 

1.150 

Concentrated  fluor  acid 

Bergman 

1.5C0 

Oil  of  amber 

Mufehenbroek 

0.978 

Oil  of  fweet  almonds 

Mufehenbroek 

0.928 

Oil  of  olives 

Mufehenbroek 

0.913 

Naptha 

Mufehenbroek 

- 0.708 

Reftified  fpirit  of  wine 

Mufehenbroek 

- 0.866 

Alcohol 

Mufehenbroek 

0.815 

Ether  - - 

Mufehenbroek 

0.737. 

Air  at  the  earth’s  furface  - 

r/lufchenb.  0.001 1 to  o.coi;^ 

Air.  Barometer  at  30  In. 
Thermometer  3z° 

Atwood 

0.001279 

CHAP. 
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C H A P.  III. 


OF  THE  MOTION  OF  FLUIDS  WHICH  ARISES  FROM 
THE  PRESSURE  OF  .lii^IR  SUPERINCUMBENT 
PARTS.  . ^ 

The  prelTure  of  fluids  being  flieWn  to  be  in  x 
proportion  to  their  depths  (3,  h)  it  will 
not  be  difHcult  to  find  the  celei'ities  with  which 
they  fpout  forth  from  fmall  apertures  in  the  fides 
or  bottoms  of  veffels. 

For  this  purpofe  let  us  flippofe  pq^sr  (fig.  120.) 
to  be  a prifmical  column  of  any  fluid  that  pafles 
through  a hole  in  the  bottom  of  the  vefTel  fhic. 

If  the  height  P(i_be  afliimed  indefinitely  fmall,  the 
preflure  by  which  the  velocity  is  produced  may  be 
efbeemed  conftant,  becaufe  the  column  oprv, 
whofe  weight  (5,  oj)  is  the  meafure  of  that 
preirure,  does  not  acquire  any  definite  increafe 
during  the  palTage  of  the  column  through  its  height 
pcf.  The  weight  of  the  column  oprv  exceeds  the 
weight  of  the  column  p qj  r in  the  fame  propor- 
♦tion  as  the  height  p o exceeds  the  height  p (i.,  and 
confeqpently  the  aftion  or  preflTure  exerted  on  the 
column  ,p  Q^s  r exceeds  its  mere  gravity  in  the  fame 
proportion.  Therefore,  whatever  may  be  the  final 
velocity,  or ‘velocity  of  emilTion,  produced  in  the 
column  pQjiR  in ‘pairing  through  pq^,  it  will  be 
required,  in  order  to  produce  an  equal  final  velo- 
city by  the  mere  adtion  of  gravity,  that  the  fame 
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column  fl?ould  clefcenJ  through  a fpace  proper- 
tionably  greater  as  this  laft  is  iefs  than  the  former 
force  (i.  36,  h),  namely  through  afpace  equal  to 

Y po.  That  is  to  fay,  the  velocity  of  any  fluid  iffu- 
ing  from  a hole  in  the  b^tom  of  a vefiel  is  equal 
to  that  which  wouI(|[be®quired  by  a body  falling 
freely  by  its  gravity  throng  a Ipace  equal  to  the 
perpendicular  height  of  the  fluid  above  the  hole. 

z And  becaufe  fluids  prefs  equally  every  way  at 
equal  deptiis  (4,  n),  this  theorem  holds  good 
iikcwife  whth  refpedt  to  fluids  that  fpout  through 
apertures  at  the  fldcs  of  velTels,  or  with  any  obliqui- 
ty whatfoever. 

A } lence  the  motions  of  fpouting  fluids  may  be 
reduced  to  rule.  For  every  part  of  the  projedied 
ftream  being  confidered  as  a body  in  motion,throw'n, 
with  a given  velocity  and  diredbion,  the  fame 
principles  will  be'  equally  applicable  to  fpouting. 

B fluids  and  to  projeftiles  of  any  other  kind.  Thus 
if  the  fluid  fpout  directly  downwards,  its  velocity 
in  any  point  of  its  courfe  will  be  equal  to  the  ve- 
locity of  emiffion  added  to  that  which  it  would 
have  acquired  by  gravity  in  its  fall  from  the  aper- 
ture ; or,  (20,  y)  which  is  the  fame  thing,  its 
velocity  will  be  die  fame  as  if  it  had  fallen  from 
the  furface  of  the  fluid.  If  it  fpout  diredly  up- 
wai-ds,  it  will  (i.  31,  p.  ii.  20,  y)  proceed  with  an 
uniformly  retarded  motion,  which  will  carry  it  to 
the  level  of  the  furface  of  the  fluid  in  the  vefleL 
If  it  fpouts  in  any  other  diredion,  its  courfe  whll 
iic  nearly  a parabola  (i.  97,  u). 
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On  thefe  con fi derations  depends  the  performance  c 
of  fountains  ; for  the  conftrudlion  of  which  there 
is  provided  a refervoir,  elevated  confiderably  above 
the  plane  in  which  the  fountain  is  to  be  made. 

A pipe,  communicating  with  the  refervoir,  is  con- 
veyed to  the  middle  of  a bafon,  and  by  means  of 
a perpendicular  fpout,  called  the  adjutage,  throws 
the  water  up  in  the  air  to  a height  which  is  in 
the  level  of  the  furface  of  the  water  in  the  refer- 
voir. 

But  in  applying  thefe  obfervations  to  praftice,  d 
there  are  many  circumftances  that  tend  to  diminifh 
the  quantities  of  motion.  There  are  few  fluids 
that  have  not  a confiderable  decree  of  cohefion  or 

O 

tenacity,  which  prevents  their  parts  from  moving 
as  freely  as  otherwife  they  would  have  done  j and 
the  fridlion  againfl;  the  fides  of  tubes  very  much 
retards  the  motion  of  the  included  fluids,  if  the 
tubes  be  long,  linall  or  crooked,  and  the  velocity 
great.  The  air  which,  extricating  itfelf  from  the 
water,  occupies  the  upper  parts  of  bent  pipes  is 
often  a great  obftacle  to  the  courfe  of  the  v/ater, 
and  not  unfrequently  ftops  its  progrefs  entirely, 
in  fountains,  efpecially  where  the  fluid  is  thrown 
perpendicularly  upwards,  the  part  that  is  falling 
refls  upon  the  afeending  column,  and  prevents 
its  arriving  at  the  height  its  motion  would  have 
carried  it  to  j befides  which,  the  refiftance  of 
the  air,  and  other  caufes,  join  in  increaflng  the 
fame  efieft.  We  muft  not  therefore  expert  in 
thefe  more  thaiT  in  other  engines,  that  the  per- 
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formance  v/Ill  equal  the  theory ; yet,  it  is  not  dit- 
ficult  to  make  the  proper  allowances,  fo  as  to 
find  their  real  efFefts  by  calculation ; but  our  pur- 
.pofe,  being  general,  does  not  extend  to  the  va- 
riety of  particulars  which  offer  themfelves. 

,C  H A P.  IV. 

OF  THE  RESISTANCE  WHICH  FLUIDS  MAKE  TO 
BODIES  MOVING  IN  THEM. 

HEN  a body  is  immerfed  in  a mafs  or 


V V quantity  of  fluid  matter,  and  is  in  mo- 
tion, it  mufl;  feparate  the  parts  of  the  fluid  from 
each  other  as  it  moves.  If  the  parts  of  the  fluid 
be  without  cohefion  or  tenacity,  this  feparation 
will  be  attended  with  no  difliculty  j but  if  the  te- 
nacity be  confiderable,  it  will  require  a confiderable 
force  to  overcome  it.  A part  of  the  motion  mufl; 
therefore  be  loft  in  producing  this  effeft.  And, 
in  the  fame  fluid,  the  more  parts  are  divided  in  a 
given  time,  the  greater  quantity  of  the  motion 
muft  be  loft  or  employed  for  that  purpofe.  But  a 
body,  moving  through  an  uniform  fluid,  divides 
a greater  or  lefs  number  of  its  parts,  in  proportion 
as  the  velocity  of  its  motion  is  greater  or  lefs. 
Confequently,  the  refiftance  which  an  uniform  fluid 
makes,  by  reafon  of  its  tenacity,  to  a body  im- 
merfed and  moving  in  it,  is  in  proportion  to  the 
velocity  of  the  moving  body. 


But 
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But  there  is  another  refiftance  of  greater  confe-  g 
• quence,  which  fluids  make  to  bodies  immerfed  and 
moving  in  them,  and  arifes  from  the  inertia  of  their 
' parts.  For  if  a body  be  moved  in  a fluid,  it  muft 
give  motion  to  a certain  quantity  of  that  fluid, 
and  the  readlion  of  that  quantity  will  deftroy  part 
'of  the  motion  of  the  body.  Now  a body  moving 
’through  an  uniform  fluid,  gives  motion  tp  a greater 
or  lefs  number  of  its  parts,  in  proportion  to  the 
velocity  of  its  motion,  and  is  therefore  refilled  ia 
'the  fimple  proportion  of  the  velocity  on  that  ac- 
count. Again,  a body  moving  through  an  uni- 
form fluid,  communicates  a greater  or  lefs  quan- 
tity of  motion  to  each  of  its  parts,  in  proportion  to 
die  velocity  of  its  motion,  and  is  therefore  refilled 
in  the  fimple  proportion  of  the  velocity  on  that  ac- 
count. On  both  accounts,  then,  the  refillance  h 
which  arifes  from  the  inertia  of  the  fluid,  is  in  the 
duplicate  proportion  of  the  velocity  of  the  moving 
body. 

When  the  fame  body  is  fpoken  of,  the  refillance  i 
and  retardatioh  follow  the  fame  ratio  j but,  in  dif-  / 
fercnt  bodies,  they  differ  in  the  fame  manner  as 
motion  and  velocity.  Refillance  fignifies  the  quan- 
tity of  motion,  and  retardation  the  quantity  of  ve- 
locity which  is  dellroyed : for  example,  if  a body 
be  projedled  with  a given  velocity  in  a fluid,  and 
lofe  half  its  motion  by  the  refillance  in  a given 
time,  its  retardation  will  be  half  its  velocity ; but 
if  another  body  of  the  fame  bulk,  but  twice  the 
v;eight  or  mals  of  matter,  be  projefted  with  a 
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like  velocity  in  the  fame  fluid,  it  will  be  equally 
refifted ; but,  having  twice  the  quantity  of  motion, 
will  only  lofe  one-fourth  of  its  velocity  in  the  fame 
time.  Thus,  though  the  reflftances  be  equal,  the 
retardation  in  the  latter  inflance  is  only  half  the 
quantity  of  that  in  the  former. 

ifc  In  fluids  that  are  not  glutinous,  the  refiftance 
arifing  from  their  tenacity  is  inconfiderable,  efpeci- 
ally  in  fwift  motion ; in  which  cafe,  the  refiftance 
from  the  inertia  increafing  as  the  fquarcs  of  the  ve- 
locities, while  that  from  the  tenacity  Increafes  only 
_as  the  velocities  th.emfelves,  the  proportion  of  the 
latter  to  tlie  former,  becomes  fo  fmall  that  it  may 
be  negiefled.  It  is  ufiial,  therefore,  to  negleft 
that  refiftance  which  arifes  from  the  tenacity  of 
fluids^ 

L In  like  circumftances,  the  reflftances  of  fluids 
are  as  their  denfities.  For  the  quantity  of  matter 
to  be  moved  is  in  that  proportion. 

M If  a cylinder  be  moved  through  an  uniform  fluid 
in  the  direction  of  its  axis,  it  will  fiift'er  a refiftance 
equal  to  that  of  a fphere,  whofe  diameter  and  velo- 
city of  motion  in  the  fame  fluid  are  equal  to  thofe  of 
the  cylinder.  For  proof  of  which,  fuppofe  the 
cylinder  to  be  quiefeent  in  the  middle  of  a prifmical 
canal  or  tube,  its  axis  coinciding  with  that  of  the 
tube.  Let  this  tube  be  filled  with  the  fluid,  and 
conceive  the  fluid  to  be  moved.  throu2:h  it  with  a 
given  velocity.  Then  the  fluid  will  pafs  between 
the  fides  of  the  tube  and  th.e  cylinder,  and  its  mo- 
tion will  be  impeded  by  its  being  reduced  to  pals 

through 
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through  anarrowei"  fpace.  If  the  fpherc  be  fubfli- 
tiited  in  the  place  of  the  cylinder,  the  fpace  dirough 
which  the  fluid  is  reduced  to  pafs  will  be  precifely 
the  fame,  and  confequently  its  motion  v/ill  be 
equally  impeded.  And,  becaufe  adion  and  re- 
aftion  are  equal,  the  cylinder  and  fphere  in  thcfe 
circumftanccs  will  be  equally  afled  upon  by  the 
fluid.  Now,  let  the  fluid  be  fuppofed  quiefcent, 
and  the  cylinder  or  Iphere  moved  with  the  fame 
velocity,  and  in  the  contrary  direclion  to  that  in 
which  the  fluid  was  before  miovedj  and  the  relative 
motions  of  the  fluid  and  immerfed  body  will  be  the 
fame  as  before.  Confequently,  the  cylinder  and 
fphere,  if  moved  with  equal  velocities  through  a 
prifmical  yelTel  containing  a fluid,  will  be  equally 
afted  upon  in  the  contrary  diredtion  to  their  mo- 
tions ; that  is,  they  will  be  equally  refilled,  And, 
fince  this  equality  of  refillance  does  not  at  all  de- 
pend on  the  magnitude  of  the  prifmical  velTel,  the 
dodlrine  may  be  applied  to  bodies  moving  in  an  in- 
definitely extended  fluid,  or  fluid  contained  in  an 
indefinitely  large  prifmical  velTel.  It  may,  there,- 
fore,  be  applied  to  all  bodies  in  motion  which  are 
deeply  immerfed  in  any  fluid. 

Hence  it  appears,  that  in  order  to  imaintain  the  n 
uniform  motion  of  a body  in  a fluid,  a conllant 
acceflion  of  force  is  required  to  overcome  the  refin- 
ance j but  as,  in  general,  there  is  no  fuch  accelTion 
in  the  motions  which  are  performed  about  us,  they 
all  decay  by  degrees,  and  at  length  terminate. 


It 
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o It  llkewife  appears,  that  when  a body  moves  in 
..  any  fluid',  and  is  aded  upon  by  any  conftant  force, 
‘ it  can  obtain  but  a certain  degree  of  velocity.  For, 
as  the  refiftance  incrcafes  with  the  velocity,  but  in 
a higher  proportion,  namely,  at  the  fquares,  (23,  h) 

• • it  IS  plain  that  the  refiflance  at  a certain  period  of 
• the  acceleration  will  become  equal  to  the  confbantly 
ading  forces  after  which  the  body  will  proceed 
uniformly,  and  the  conftantly  ading  force  will  be 
employed  in  overcoming  the  refiflance.  On  this 
account  it  is,  tiiat  bodies  that  fmk  in  water,  or 
other  fluids,  by  the  force  of  gravity,  foon  acquire 
their  utmoft  velocity,  and  afterwards  proceed  uni- 
formly. And,  in  like  manner,  a fhip,  when  it  firfl 
■gets  under  way,  proceeds  with  an  accelerated  velo- 
city, till  the  refiflance  of  the  water  becomes  in 
equilibrio  with  the  adion  of  the  wind  on  its  fails, 
•but  afterv/ards  proceeds  uniformly,  the  force  of  the 
-Vv'ind  being  entirely  employed  in  overcoming  that 
refiflance. 

p In  mathematical  flridnefs  it  is  not  true,  that  a 
body  in  thefe  circnmflances  ever  arrives  at  unifor- 
mity of  motion  ; for  the  approach  of  the  refifl- 
ance to  an  equality  with  the  impelling  force  is 
reprefented  by  a,  converging  feiies,  the  number  of 
whofe  terms  is  infinite,  and  their  fum  in  any  finite 
time  is  lefs  than  the  impelling  force  ; but  the  latter 
terms  foon  become  too  fmall  to  be  of  any  phyfical 
confeqiience. 

0^  What  is  here  faid  of  refiftance  is  to  be  under- 
flood  of  bodies  deeply  immerfed  in  fiuids,  the 

parts 
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parts  of  which  are  compreffed  together,  and  non- 
elaftic  or  incapable  of  condenfation.  Friftion  is 
likewife  negleded.  Bodies  moving  at  or  near 
the  furfaces  of  fluids,  more  efpecially  if  they  beob- 
tufe,  caufe  the  fluid  to  rife  into  a heap  before  the 
body,  at  the  fame  time  that  it  fubfides  at  the  hinder 
part.  And  fo  likewife,  obtufe  bodies,  moving  in 
elaftic  fluids,  condenfe  that  part  of  the  fluid  to- 
wards which  they  are  moving,  while  the  part  from 
which  they  recede  is  rarefied.  In  thefe  cafes  the 
j-efiflances  are  greater  than  would  be  deduced  by  the 
principles  here  treated  of*. 

* Prindpia.  II.  § 8, 
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CHAP.  I. 

OF  THE  GENERAL  PROPERTIES  OF  THE  AIR,  THE 
DIMENSIONS  OF  THE  ATMOSPHERE,  AND  THE 
MEASUREMENT  OF  THE  HEIGHTS  OF  MOUN- 
TAINS BY  MEANS  OF  THE  BAROMETER, 

R ^^ONTINUAL  experience  fliews,  that  we 
are  immerfed  in  a fluid  which  agitates  bodies 
when  it  is  in  motion  j refifts  the  motions  made  in 
it ; fuflains  bodies  floating  in  it ; and,  in  fliort, 
differs  very  little  in  its  general  properties  from  the 
groffcr  fluids,  great  rarity,  elafticity,  and  tranfpa- 
rency,  being  its  diftinguifliing  charadlers. 

s The  whole  mafs  of  this  fluid,  w'ith  its  contents, 
is  called  the  atmofphere ; a term  made  ufe  of  w^hen 
the  effedts  that  arife  from  its  form,  magnitude, 
denfity,  &c.  are  confidered ; but  when  the  fluid 
of  which  the  mafs  is  compofed  is  indefinitely  fpoken 
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of,  with  a view  to  develppe  its  qualities,  and 
confider  it  independaril  of  'the  bodies  immerfed  in, 
or  rnixed  with  it,  it  is  called  the  air,  or  air. 

Air  is  a fiuid,  whofe  particles  are  not  in  con-  t 
taft,  and  repel  each  otlicr  with  a force  that  may- 
be diminiibed,  but  cannot  be  deftroyed  by  any 
degree  of  cold  known  in  the  vicinity  of  the  earth. 
For,  if  the  particles  were  in  contaft  the  fluid  could 
not  be  comprefled,  and  if  they  did  not  repel  each 
other,  the  fluid  could  not  expand  when  the  com- 
prelTing  force  is  removed.  This  property  of  the  o 
air  may  be  fhewn  by  various  methods : one  of  the 
fimplefl;  is,  to  pour  a quantity  of  quick filver  in 
the  tube  abc,  (fig.  124,)  clofed  at  a,  and  open  at 
c.  Suppofe  the  tube  to  be  filled  with  qirickfilver 
to  E,  then  the  air  inclofed  in  the  legAB  will  pre- 
vent its  rifmg  higher  than  d.  Mark  f in  the  fame 
horizontal  line  with  d,  and  (6,  t)  the  column  db 
will  be  in  equilibrio  with  fb;  confequently  the 
quickfilver  contained  between  f and  d will  not  at 
all  prefs  on  the  air  between  a and  D.  But  the 
column  E F axfbing  with  its  whole  weight  on  the 
quickfilver  between  f and  d caufes  it  to  prefs  on 
the  air  at  d,  and  condenfe  it.  By  increafmg  the 
quantity  of  quickfilver  the  condenfation  is  ih- 
creafed,  and  it  is  found,  that  the  fpaces  into  which  y 
the  air  is  condenfed  by  different  weights  are  in- 
verfely  as  thofe  weights ; or  its  denfity  is  aS  the 
prefTure  it  bears. 

One  of  the  firft  objefts  of  enquiry  that  offer  w 
themfelves  refpeifbing  the  atmofphere  'is  its  extent 
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or  magnitude.  Experience  niTures  us,  that  it  is 
extended  over  the  whole  furface  of  the  earth  and 
fea;  and  it  is  evident,  from  the  fufpenfion  and 
motion  of  the  clouds,  that  its  altitude  is  confi- 
derable ; but  the  meafure  of  this  altitude  muft  be 
obtained  from  its  efFedis.  Thus,  if  the  fpecific 
gravity  of  the  air  be  found,  and  alfo  its  whole, 
prefliire  on  bodies,  it  will  be  eafy  to  difcover  the 
quantity  of  the  fluid,  and  its  height,  if  fuppofed 
to  be  uniformly  denfe.  Another  method  of  dif- 
covering  the  height  of  the  atmofphere  is  deduced 
from  optical  confiderations,  by  obferving  the  efredl 
it  has  on  the  light  of  the  Sun. 

X To  find  the  fpecific  gravity  of  the  air,  let  ab 
(fig.  125.)  reprefent  a bottle,  w'hofe  contents  are 
exactly  known ; for  example,  fuppofe  it  capable  of 
holding  two  pounds  of  rain-water  j let  a valve, 
opening  outwards,  be  fitted  at  a,  and  the  air  be 
exhaufced  from  within  by  means  of  the  air-pump, 
hereafter  to  be  defcribed ; let  the  veffel  thus  ex- , 
haufted  be  weighed  in  water,  or  any  other  denfe 
fluid,  in  tlie  veffel  m n,  as  reprefented  in  the  figure, 
after  which  let  the  air  be  admitted.  An  additional 
weight  of  about  14!  grains  will  be  required  to 
reftore  the  equilibrium  : therefore,  the  air  contained 
in  the  veffel  ab  weighs  14!-  grains,  the  proportion 
of  which  to  two  pounds  is  i to  800,  or  i -^  to 
1 000. 

Y In  this  experiment  the  veffel  b is  immerfed 
in  wattir,  tliat  the  fulcrum  of  the  fcales  beins:  lefs 

O 

loaded,  mayirdrn  with  lefs  fridion,  and  confe- 

quently 
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quently  be  more  fenfible.  It  is  attended,  however, 
.with  fome  difficulties ; the  chief  of  which  confiflis 
in  the  attraftion  or  repulfion  exerted  at  the  furface 
of  the  water,  and  this  is  confiderable  enough  to 
induce  fome  philofophers  to  weigh  the  bottle  with-- 
out  immerfmg  it.  • 

Thefpecific  gravity  of  air  being  thus  difcovered,  z 
its  preffure  may  be  found  by  the  Torricellian  expcri- 
ment,  fo  called  from  its  inventor  Torricellius. 
Let  AB  (fig.  126.)  reprefen t a glafs  tube  of  the 
length  of  35  inches  or  upwards,  clofed  at  the  end 
A,  and  open  at  b ■,  fill  the  fame  v/ith  quickfilveri  • 
and  clofe  the  orifice  at  b with  the  finger,  or  otlier- 
wife : immerfe  the  end  b in  the  veffiel  of  quickfilver 
c D,  and  remove  the  finger  from  the  orifice  j th? 
quickfilver  will  then  fubfide  to  n in  the  tube  at  the 
height  of  about  30  inches.  . :: 

This  phenomenon  is  readily  explained  on  the  a 
common  principles  of  hydroftatics  : for  which  pur-  ^ 
pofe  it  muft  be  remembered,  tliat  the  preffure,  a 
body,  immerfed  in  the  veflei  c d,  would  fuftain,  is 
not  only  that  w'hich  arifes  from  the  weight  of  the 
quickfilver,  but  likewife  from  that  of  a column,  of 
the  atmofphere,  incumbent  on  its  furface  j fo  that 
every  columin  of  the  quickfilver  preffes  with  a force 
that  exceeds  its  own  w^eight.  When  the  tube  is  in- 
verted into  the  veffcl  of  quickfilver,  the  furface.  of 
the  columm  it  contains  being  defended  from  the 
preffure  of  the  atmofphere,  by  the  clofure  at  a,  can 
prefs  downwards  with  no  more  than  its  own  weiglit ; 
and  will,  therefore,  be  in  equilibrio  with  the  preffure 

the 
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tlie  quickfiiver  in  the  velTel  exerts  againft  its  de- 
fcent,  then  only,  when  it  is  fo  much  longer,  that 
the  additional  quickfiiver  may  be  equal  to  the 
additional  weight  which  a fimilar  column  ifi  the 
veffel  receives  from  the  prelfure  of  the  atmofphere ; 

B that  is  to  fay,  the  prelfure  of  the  atmofphere  on  any 
given  furface  is  equal  to  the  weight  of  a column  of 
mercury,  whofe  bafe  is  the  given  furface,  and  height 
equal  to  that  at  which  it  Hands  in  the  Torricellian 
tube ; and  this  prelfure  is  the  weight  of  a column 
of  air,  whofe  bafe  is  the  given  furface,  and  height 
equal  to  tliat  of  the  atmofphere.  Or,  generally, 
becaufe  the  bafes  may  be  Inppofed  not  to  vary, 
the  prelfure  of  the  atmofphere,  is  as  the  heiglit  of 
the  mercury  in  the  tube. 

An  inltrument  confining  of  a Torricellian  tube, 
with  a fcale  adapted  for  meafuring  the  heights  of 
the  mercury,  is  called  a Barometer. 

C It  has  been  Ihewn,  that  when  the  air  is  con- 
denfed,  its  denfity  is  in  ptoportion  to  the  weight  that 
comprelfes  it  (29,  u.)  By  means  of  the  Torricel- 
lian tube  it  may  be  obferved,  that  the  fame  pro- 
portion obtains  w’hen  it  is  rarefied  by  taking  off 
part  of  the  v/eight  of  the  fuperincumbent  atmo- 
fpherc. . For,  in  any  elaftic  fluid  at  reft,  the  fpring 
muft  equal  the  comprelfing  force  (i.  22,  r)  j and 
if  any  part  of  that  force  be  taken  away,  it  muft 
expand  till  the  fpring  becomes  equal  to  the  re- 
mainder j which  will  happen  if  the  elafticity  of  the 
fluid  be  weakened  by  expanfion.  And  fince  the 
prelfures  of  fluids  are  as  their  heights  (3,  h) 

tlie 
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prefTure  of  the  mercury  in  the  tube  a b (fig.  126.) 
will  be  equal  to  that  in  the  tube  a b,  when  the  mer* 
cury  refts  at  n in  the  fame  horizontal  line  with  n. 
Now,  if  a bubble  or  fmall  quantity  of  air  be  admit- 
ted into  the  tube  a b,  it  will  deprefs  the  mercury 
below  the  mai'k  n,  till  its  fpring,  and  the  weight  of 
the  mercury  remaining  in  the  tube  be  in  equilibrio 
with  the  prelTure  of  the  atmofphere ; that  is,  if  the 
mercury  be  deprefied  to  m,  that  part  of  the  weight 
of  the  atmofphere  which  correfjponds  with  the 
quantity  of  mercury  m b,  will  be  fuftalned  by  the 
weight  of  the  mercury,  and  the  remainder  m n will 
be  fuftained  by  the  fpring  of  the  included  air.  The 
included  air  then,  being  prefled  by  a weight  lefs 
than  that  of  the  whole  atmofphere,  becomes  rare- 
fied or  expanded.  By  varioufly  inclining  the  tube, 
or  by  immerfing  its  lower  end  to  greater  depths 
in  the  bafon,  the  included  air  may  be  made  to  bear 
more  or  lefs  of  the  weight  of  the  atmoiphere,  as 
may  be  gathered  by  meafuring  the  perpendicular 
altitude  of  m above  the  furface  of  the  quickfilver 
contained  in  the  vefTel  c d,  and  fubtracling  it  from 
the  altitude  b n,  which  correfponds  with  the  weight 
of  the  whole  atmofphere,  and  its  contraction  pr 
dilatation  obferved ; whence  it  appears,  that  th^ 
denfity  of  air,  though  greatly  rarefied,  is  propor- 
tional to  the  Gomprefling  force. 

If  two  columns  of  uniform  fluids,  whofe  Ipe-  d 
cific  gravities  differ,  be  equal  in  weight,  and  ftand 
on  equal  bales,  their  heights  will  be  reciprocally  as 
their  fpecific  gravities  (4,  l,  m.  6,  t.)  Thefpeciffc 
- VoL.  II.  D gravities 
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gravities  of  quickfilver  and  air  are  refpeclively 
14019  and  i'  : theretore, 

As  die  fpecinc  gravity  of 

air,  - - - - li 

Is  to  the  fpecific  of  mer- 
cury, - _ - - 14c I 9 

So  is  the  height  of  the 

column  of  mercury,  30  inches. 

To  the  height  of  an  equrd 

column  of  air  - - 336456,  or  5^  Engli'fli 
miles. 

K This  would  be  the  height  of  the  atm.ofphere,  if 
it  were  uniformly  of  the  lamedenfityj  but  as  that 
is  not  the  cafe,  on  account  of  the  elafticity  which 
caufes  die  upper  parts  to  expand  in  proportion 
as  the  weight  of  the  fiiperincumbent  parts  becomes 
lefs,  the  altitude  mull  be  much  greater. 

F The  denfity  of  the  air  in  tliat  part  of  the  atmo- 
fphere  in  which  we  live  being  ihewn  to  be  as  the 
weight  that  compredes  it,  it  is  plain,  if  the  confti- 
tution  of  the  air  in  the  fuperior  regions  be  of  the 
fame  kind,  that  its  denfity  at  any  altitude  will  be  as 
the  weight  or  quantity  of  the  fiiperincumbent  air. 
Suppofe  Am  (fig.  127.)  to  be  a column  of  the 
atmofphere,  and  imagine  the  fame  to  be  conti- 
nued at  pleafure  beyond  in,  fo  as  to  reach  its  utmoft 
limits.  Let  this  column  be  divided  into  an  inde- 
finitely great  number  of  equal  parts,  a b,  be,  cd, 
and  the  quantity  of  air  contained  in  any  one 
of  thofc_  parts,  or  its  denfity,  will  be  in  proportion 
to  the  quantity  of  air  which  is  fiiperincumbent  on 

that 
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that  part.  Now,  the  difference  between  the  quan- 
tities of  air  incumbent  on  any  two  contiguous  parts 
is  the  quantity  contained  in  the  uppermoft  of  thole 
parts ; that  is,  for  example,  the  quantity  fuperin- 
cumbent  on  d is  lefs  than  that  which  is  incumbent 
on  c by  the  difference  or  part  cd:  therefore  the 
quantities  contained  in  the  equal  parts  or  divifions 
are  the  differences  between  the  incumbent  maffes  of 
air  taken  in  a regular  fucceffion  j and  thefe  quan- 
tities or  differences  have  been  fhewn  to  be  in  pro- 
portion to  the  incumbent  maffes.  * Now,  it  is 
demonflrable,  that  if  any  fucceffion  or  feries  of 
magnitudes  do  increafe  or  decreafe  in  fuch  a man- 
ner, that  the  differences  fhall  be  in  proportion  to 
the  magnitudes  themfclves,  then  thofe  magnitudes, 
and  confequently  their  differences,  fhall  be  in  a 
continued  geometrical  progreffion  : whence  it  fol-  c 
lows,  that  the  denfities  or  quantities  of  air  contained 
in  the  equal  divifions  or  parts  Ab,  be,  cd,  &c.  mufb 
decreafe  in  a continued  geometiical  progreffion. 

On  thefe  confiderations  is  founded  the  barome-  h 
trical  method  of  meafuring  the  elevations  of  moun-  . 
tains,  or  other  eminences.  The  principles  made 
ufe  of  may  be  explained  as  follows  : 

If  a barometer  were  carried  upwards  with  an  i 
uniform  motion  through  the  column  of  air  Am, 


* Let  a,  c,  d,  &c.  be  magnitudes,  whofe  differences  are 
as  the  magnitudes  themfelves. 


I'hat  is 

Then 

And 


a — b b b-^c  :c:  : c — d ; a,  &c. 
ac  — bb,  bd=cc,  &C. 
a •.  b ■.  c : df  See. 
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(fig.  127.)  its  elevation  above  the  furface  of  thtf 
Earth  would  increafc  by  the  continual  addition  of 
the  equal  fpaces  aB,  be,  cd,  &c.  fo  as  to  be  fuc-*- 
ccflivety  reprefented  by  the  natural  feries  of  the  num- 
bers I,  2,  3,  See.  but  the  mercury  in  the  tube 
would  continually  defeend  fo  as  to  pafs  through 
licights  that  would  be  proportional  to  the  prefTures 
or  denfities  of  the  air  (52,  b,  c.)  at  a,  b,  c,  d,  &c. 

K that  is  to  fay,  while  the  elevations  above  the  fur- 
face  of  the  earth  increafe  arithmetically,  the  heights- 
of  the  mercury  in  the  tube  will  decreale  in  a con- 
tinual geometrical  feries  (35,  o.) 

L Now,  it  is  v/ell  known,  that  if  a continued 
geometrical  feries,  beginning  with  unity,  be  ranged 
in  order,  v/ith  an  arithmetical  feries,  beginning 
with  o,  or  a cypher,  the  numbers  of  the  latter  feries 
will  be  the  logarithms  of  the  correfpondent  num- 
bers of  the  other.  Such  are  the  numbers  before 
us  j for  the  greatefl  denfity  of  the  air,  or  greatefl 
height  of  the  mcrcunq  may  be  called  unity,  and 
anfwers  to  an  elevation  of  o,  or  nothing  above 

M the  Earth’s  furfacc.  The  elevations  above  the 
Earth’s  furface  will  therefore  be  the  logarithms  of 
the^  heights  of  the  mercury  in  the  barometer. 

N If  therefore  we  were  provided  with  a table  of 
logaiithms,  or  an  arithmetical  feries  of  known 
unities  or  meafares,  adapted  to  that  geometrical 
feries  which  expreiTes-  the  gradual  defeent  of  the 
mercur)’’,  while  it  is  carried  with  an  uniform  mo- 
tion upwards,  the;  differences  of  the  logarithms  of 
any  two  given  heights  of  the  mercury  would  in- 

^ • fa6t 
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fad  be  the  difference  of  the  elevations  above  the 
Earth’s  furfacc,  or  it  would  be  the  perpendicular 
fpace  through  which  the  barometer  had  byi  car- 
ried, in  order  to  produce  that  defccnt  of  the  mer-> 
cury.  , 

But  a>s  there  is  no  fuch  table  in  being,  it  would  o 
become  neceffary  to  compute  diredly  from  the  pro-  , 
perties  of  the  geometrical  feries,  if  there  were  not  a 
method  of  applying  the  common  tables  of  loga- 
rithms to  this  purpofe.  It  is  a property  of  all  loga- 
rithms, that  if  the  difference  between  the  logarithms 
of  two  numbers  be  taken  in  one  fet  of  logarithms, 
and  tlie  difference  between  the  logarithms  of  the 
fame  two  numbers  be  taken  in  logarithms  of 
another  form,  the  proportion  between  thefe  two 
differences  will  be  conftant  for  all  pairs  of  num- 
bers fo  taken  *.  From  hence  if  the  difference  of 
two  elevations  be  experirhentally  found,  and  the 
relpedive  heights  of  the  merciuy  obferved  at  each, 
it  will  not  be  difficult  to  deduce  any  other  difference 
of  elevation  from  obfervations  of  the  heights  of  the 
jnercury  at  each. 


* In  the  following  feries. 


o. 

3- 

6. 

9- 

1 2. 

15.  logar. 

0. 

2. 

4- 

6. 

8. 

10.  logar. 

I . 

n. 

n3 

n4 

ns  numbers. 

It  is  obvious,  that  the  logarithm  of  any  number  in  one  feries 
hasaccnilant  ratio  to  the  logarithm  of  the  fame  number  in 
the  other  feries.  And  the  differences’ between  the  logarithms 
of  two  given  numbers  in  the  two  feries  of  logarithms  will  have 
the  fame  conftant  ratio,  as  being  the  logarithms  of  one  and 
the  liimc  number,  nar^cly,  the  quotient  of  ihpfe  two  numbers. 

D 3 An 
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‘ p An  example  will  render  this  clear.  Suppofc  the 
height  of  the  mercury  in  a barometer  be  29.565 
inchqjl^nd  the  height  of  the  mercury  in  another 
barometer,  placed  at  an  elevation  of  7 10  feet  above 
the  former  be  28.770  inches,  it  is  required  to  find 
the  difference  of  elevation  of  two  barometers,  whofe 
mercurial  columns  Hand  refpedliveiy  at  28.9  inches* 
and  27.5  inches. 

If  the  altitude  of  the  mercurial  column,  30 
inches,  be  taken  as  unity,  or  tlie  fiifl  term  of  the 
geometrical  feries,  the  two  firfl  altitudes  will  be- 
come fraCfions  and  of  that  unity,  the 

number  710  being  the  uifference  of  the  loga^ 
rithms,  or  correfpondent  terms  of  the  arithmetical 
feries  of  elevation,  taken  in  feet.  Take  now  the 
difference  of  the  common  logarithms  of  thofe  frac- 
tions, or,  which  is  the  famie,  the  difference  of  the 
logarithm.s  of  their  numerators  thus  : 

29.565  its  logarithm,  > - 1.4707779 

28.770  its  logarithm,  - - 1-4589399 

Difference,  .0118380 

R And  this  difference  .01 1 8380  will  bear  the  fame 
proportion  to  the  difference  ot  elevation  710,  as 
the  difference  of  the  common  logarithms  of  any 
other  two  altitudes  of  the  mercury  will  be  to  the 
difference  of  elevation  between  them  (37,  o ;)  fo 
that  with  relpedt  to  the  thing  required. 

From  the  logarithm  of  28.9  - 1.4608978 

Take  the  logarithm  of  27.5  - 1-4393327 

■ 

The  difference  is  ,0215651 
And  as  .0118380  : 71Q  : ; .0215651  : 1294  feet. 

As 
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As  the  nvo  firft  terms  are  of  conftant  life  in  s 
thefe  computations,  it  will  be  advantageous  to 
reduce  them  to  the  fimpleft  exprelhon  ; ^kis,  as 
.0118380  1710  : : I : 60000  nearlyi  fo  tha^nftead 
of  working  the  proportion  with  the  two  firft  terms, 
it  will  be  fufficient  to  multiply  the  difference  of 
the  logarithms  by  60000,  and  the  produil  will  give 
the  elevation  in  feet  of  one  barometer  above  the 
other. 

But  to  mmkiply  this  difference  by  60000  Is  the  t 
fame  as  to  multiply  it  by  10000,  and  by  6.  The 
multiplication  by  10000  is  effedted  by  moving  the 
decimal  point  four  places  farther  to  the  right : 
whence  it  is  feen,  that  the  decimal  point  being 
removed  four  places  to  the  right,  converts  the 
difference  of  the  logarithms  into  a number  that 
requires  to  be  multiplied  by  6 to  reduce  it  into 
feet.  The  number  itfelf  is  therefore  the  height  hi  u 
fathoms  and  decimal  parts : 

Confequently,  the  fhorteft  general  rule  for  v 
meafuring  heights  by  the  barometer  is,  take  the 
difference  of  the  logarithms  of  the  heights  of  the 
mercury  at  both  ftarions,  and  the  four  firft  figures 
following  the  decimal  point’  will  be  the  ^thorns, 
and  the  reft  a fradlion  of  a fathom,  exprefiing  the 
elevation. 

• It  is  evident,  however,  that  this  nile  fuppofes  w 
the  fpecific  gravity  of  the  mercury  to  remain  unal- 
tered, becaufe  its  height  could  not  otherwife  be  a 
fettled  meafure  of  the  denfities  of  the  air  that  fuf- 
tains  it.  It  is  likewife  implied,  that  the  fftnlity  of 
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the  air  is  fubjecl  to  no  otlier  change  than  may  arife 
from  its  diminilhed  compreflion  in  afeending  to- 
wards the  upper  regions  of  the  air : but  neither  of 
thefe  ^iitions  can  be  adniitted  in  the  a<5lual  prac- 
tice. For  all  bodies  expand  and  occupy  larger 
fpaces  when  their  temperature  is  increafed.  The 
mercury  in  the  barometer^  when  heated,  will  be 
fpecifically  liglitcr,  and  will  confequently  afeend 
from  that  caufe,  even  though  the  prefTure  of  the 
air  llioiild  remain  unchanged : and  the  air,  when 
expanded  by  the  lame  agent,  will  not  diminilh  its 
preiTure  after  the  ufual  ratio  in  afeending ; or,  if 
the  fime  geometrical  feries  be  fuppofed  to  be  re- 
tained, die  unity  of  its  logarithms  will  be  greater 
than  before,  and  the  general  rule,  *(39,  v)  inftead 
of  giving  hithoms,  will  give  a number  of  fome 
larger  meafure.  Thus  we  fee,  that  the  rule  can 
^ be  true  only  with  refpeft  to  air  of  a given  tem- 
perature, and  that  in  all  other  cafes  it  will  require 
to  be  corrected. 

Y By  a very  valuable  fet  of  experiments  it  is  found, 
that  the  mercury  in  a barometer  changes  its  alti- 
tude by  heat,  according  to  the  following  table : 

If  the  mercury  in  die  barometer  ftand  at  30 
inches  when  the  temperature  is  32'’ i its  changes 
will  be,  for  every  degree, 

between  between  between  between 
o and  32°  32^  and  52  62  and  72  72  and  92 

falls  0.0034  inch.  rif.  0.0033  rif.  c.0032  rif.  0.0031  ■ 

A In  order  therefore  that  we  may  know  the  effeft  of 
the  air^s  prejQTure  on  the  barometer,  it  is  required, 

that 
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that  its  height  fliould  be  corredled  by  the  addition 
or  fubtradion  of  thefe  quantities,  according  to  the 
number  of  degrees  of  temperature  above  or  below 
32*^,  and  in  proportion  to  its  height.  • . 

It  is  alfo  pretty  well  eftablifhed  from  barometi-  b 
cal  obfervations,  and  from  experiments  made  with 
air  of  various  denfities,  that  its  expanfions  by  heat 
are  as  in  the  following  table.  The  height  of  the 
mercury  is  taken  to  be  the  mean  between  the  heights 
at  the  extremities  of  the  column  of  air,  and  the 
column  entitled  correction  ftiews  the  expanfion  or 
diminution  of  the  column  of  air  in  thoufandth  parts 
of  the  elevation  given  by  the  general  rule  (39,  v.) 

Mean  height  of  barometer  30  indies.  c 
Mean 


Teniperuture 
of  the  air. 

CorreClion. 

Difference  for 
I inch  baroOT. 

92^ 

1 

^ • 

c 

0 

156.381 

6.0925 

82 

re  •*-! 

131.188 

5.11 1 

72 

oJiJ 

105.047 

4.0925 

62 

tJ  0 

^ E 

78.427 

3-0555 

5^ 

S^-335 

2.0000 

4^ 

25-193 

0.9816 

« 

rj 

0. 

0. 

, 22 

a- 

24.242 

0.4722 

12 

c/5 

47-532 

0.9259 

The  pliilorophcr  who  undertakes  to  meafure  » 
heights  barometically  Ihould  be  provided  with  two 
portable  barometers,  of  the  beft  conftriiClion,  on 
which  he  may  read  off  the  height  of  the  mercurial 
columns  to  die  500th  part  of  an  inchj  each  baro- 
meter 
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meter  muft  be  fitted  up  with  an  attached  thermo- 
meter, fet  in  the  wooden  frame  in  the  fame  manner 
as  the  barometer-tube  is.  It  is  convenient  that  the 
ball  of  each  thermometer  be  nearly  of  the  fame 
diameter  as  the  barometer-tube : he  fhould  alfo  be 
provided  with  two  other  thermometers,  detached 
from  the  barometers.  One  barometer  with  its 
attached  and  detached  thermometers  is  to  be  placed 
in  the  lhade,  on  the  eminence,  whofe  height  is  re- 
quired, while  the  other  remains  in  the  plain  below. 
Thefc  muft  be  fuftered  to  continue  in  their  places  at 
leaft  a fufficient  time  for  the  detached  thermometer 
to  acquire  the  temperature  of  the  air,  that  is  to  fay, 
till  it  ceafes  either  to  rife  or  fall.  The  obferver  on 
the  eminence  muft  then  make  an  obfervation  of  the 
height  of  the  mercurial  column,  and  alfb  of  the  tem- 
peratures exhibited  by  the  attached  and  detached 
tliermometers  at  the  fame  time  that  the  obferver  in 
the  plain  performs  the  like  with  die  inftruments 
below.  It  will  tend  much  to  diminilh  the  errors,  if 
three  or  more  fets  of  obfervations  be  taken  at  each 
ftation  after  ftiort  intervals  of  time,  and  the  mean 
of  the  whole  be  made  ufe  of  as  the  true  obferva- 
tion. 

i The  nearer  thefe  diredions  are  adhered  to  the 
more  accurate  will  be  the  refult ; but  they  v/ill 
admit  of  confiderable  deviations  in  the  prablice. 
In  cafes  where  better  inftruments  cannot  be  had, 
any  well  made  portable  barometer,  graduated  fo  as 
to  fhew  the  true  fall  of  die  mercury,  may  afford 
obfervations  by  no  means  to  be  defpifed.  For  a 

fmall 
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fmall  error  in  the  pofition  of  the  zero,  or  lower 
point,  from  which  the  fcale  of  inches  begins,  pro- 
vided the  point  be  fixed,  will  not  fcnfibly  affedl  the 
refiilt ; and  the  attached  thermometer  may  be  dif- 
penfed  with,  if  an  hour  or  more  be  allowed  for  the 
mercury  in  the  barometer  to  acquire  the  tempera- 
ture of  the  furrounding  air,  which  is  fhewn  by  the 
detached  thermometer.  A fingle  barometer  may 
fupply  the  place  of  two,  if  the  obfervations  can, 
within  any  moderate  fpace  of  time,  be  made  firfl: 
in  the  plain,  then  on  the  mountain,  and  again  re- 
peated on  the  plain  : becaufe  it  may  reafonably  be 
prefumed,  that  if  the  two  fets  of  obfeiwations  on  the 
plain  agree  together,  the  common  denfity  of  the  air 
below  has  not  changed  during  the  operation.  The 
obfervations  being  made,  the  height  may  be  de- 
duced according  to  the  following  fummary  of  the 
contents  of  the  preceding  pages  : 

Firft.  Reduce  the  height  of  the  mercury  in  each  f 
barometer  to  the  height  it  would  have  flood  at  in 
the  temperature  of  32.  . This  is  done  by  adding 
to  the  height,  or  fubtrafting  from  it  the  quantity 
indicated  in  the  table  (40,  z,  a)  for  that  pur- 
pofe,  according  to  the  number  of  degrees  the 
attached  thermometer  Hands  below  or  above  32”,  • 
and  the  obferved  height  in  the  tube. 

Secondly.  Take  the  difference  of  the  logarithms  o 
of  the  reduced  heights  of  the  mercury  in  each  baro- 
meter; of  this  difference,  the  four  firfl  figures  on 
the  left  will  be  the  logarithmic  elevation  in  fathoms, 
the  remaining  figures  being  a decunal.  This  will 

be 
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be  the  true  elevation,  if  the  mean  between  the  tem- 
peratures indicated  by  the  detached  thermometer  be 

* 

H Thirdly,  But  if  the  mean  temperature  of  the 
column  of  air,  as  indicated  by  die  detached  ther- 
mometers, be  above  or  below  32^';  End  die  mean 
between  the  two  altitudes  of  the  mercury  j extraiT 
from. die  table  (41,  c)  the  two  numbers  in  the 
coiunnn  of  differences  that  range  oppofite  the  two 
temperatures,  between  which  the  mean  temperature 
of  the  column  of  air  lies ; muldply  each  by  tlie 
number  of  inches  (and  parts,  if  the  elevadon  be 
great)  which  the  mean  altitude  of  the  mercury 
differs  from  30  inches.  Subtract  thefe  produd^ 
from  the  refpedive  oppofite  numbers  in  the  column 
of  corredions,  if  the  mean  altitude  of  the  mercury 
be  lefs  than  30  inches,  but  add,  if  it  be  greater. 
Find  the  difference  between  diefe  two  remainders 
or  fums,  and  multiply  it  by  the  number  of  degrees 
by  which  the  mean  temperature  exceeds  the  lower 
of  the  two  adjacent  temperatures  in  die  table. 
Divide  this  produd  by  10,  and  add  die  quotient  to 
the  leaft  of  the  two  remainders  or  fums,  lafl  men- 
tioned. The  fum  will  be  the  true  corredion  in 
thoufandth  parts  of  the  logarithmic  elevation.  Re- 
duce it  into  fathoms,  by  multiplying  it  into  the 
logai'ichmic  elevation,  and  dividing  by  1000.  This 
quotient  being  added  to  the  logarithmic  elevation^ 
if  the  mean  temperature  exceeds  32®,  or  fiibtraded, 
if  it  fall  fhort  of  32^^,  will  give  the  true  elevation 
or  perpendicular  difcance  between  the  two  baro- 
meters. 

Example- 
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Example.  Suppofe  the  following  obfervations  i 
to  be  made,  it  is  required  to  find  the  elevation,  or 
rertical  diftance  between  the  barometers,- 

Lower  ftation.  Upper  flation. 

Caernarvon  quay.  Peak  of  Snowdon, 

Height  of  mercury,  29.976  in.  26.289  inches. 
Attached  thermometer,  62  ;'^  - 46;  ? 

Detached  thermometer,  62  - - 46 

The  computation.  By  the.  table  (40,  z)  the  K 
reduftion  for  the  lower  barometer  comes  out  o.i^ 
which,  fubtra<fi:ed  from  29.976,  gives  29.876.  By 
the  fame  table,  the  reduAion  for  46.  with  a co-> 
lumn  of  26  inches,  comes  out  .042,  which,  fub^ 
trafted  from  26.282,  leaves  26.240  inches.  Now, 
.the  logarithms  of  the  reduced  altitudes,  29.876,  and 
26.240,  are  1.475:3225,  and  1.4189638,  the  diffe- 
rence of  which  is  .0563587,  or  (43,  o)  563.587 
fathoms. 

The  mean  temperature  between  62®  and  46®  is  f.- 
54®,  and  confequently  the  logarithmic  refult  will 
require  corredbions  by  thefccond  table.  The  mean 
betweeen  the  two  barometrical  heights  is  28  inches^ 
or  2 inches  below  30.  The-  two  numbers  in  the 
column  of  differences  oppofite  the  temperatures  52^ 
and  62^  are  2.0C00,  and  3.0555  j thefe,  multiplied 
by  the  number  of  inches,  or  2,  give  4.0000  and 
6.111;  the  number  4,0000,  fubtraded  from  its 
oppofite  in  the  column  of  corre61:ion,.  5 1 .335,  leaves 
47.335}  number  6.111,  fubtrafted  from 

78,427,  leaves  72.316;.  the  difibrsnce.  betv/een 

3 thefe 
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thele  remainders  47.535  and  72.316  is  24.981, 
which,  multiplied  by  2,  the  number  of  degrees  by 
which  the  mean  temperature  54®  exceeds  52®,  the 
lower  of  the  two  adjacent  temperatures  in  the  tabic, 
gives  49.962.  This  produd,  divided  by  10,  is 
4.9962  j which  quotient,  added  to  47.335,  the  leaft 
of  the  two  remainders,  makes  52.33 1,  the  true  cor- 
redion  in  thoufandth  parts  of  the  logarithmic  ele- 
vation, 

M The  true  corredion  52.331,  being  multiplied  by 
the  logarithmic  altitude  563,  produces  29462.353; 
this  divided  by  1000  affords  a quotient  of  29. 462353, 
which  is  the  true  corredion  in  fathoms,  to  he  added 
* to  the  logarithmic  elevation,  becaufe  the  mean 
temperature  exceeds  32®  : the  fum,  namely, 
563.587, added  to  29.462353,  makes  593-049353 
fathoms,  or  3558.297118  feet,  for  the  true  ele- 
vation required 

K The  intelligent  reader  will  readily  perceive,  that 
though  the  decimals  in  this  computation  are  mofily 
retained,  yet,  it  will  in  general  be  fufnciently  exad, 
and  much  lefs  operofe,  if  only  the  two  firft  decimal 
figures  of  any  number  be  retained. 

o The  advantages  of  tliis  method,  compared  with 
the  geometrical  method  of  meafuring  elevations  are, 

0 

* This  method,  which  is  taken  from  Col.  Roy’s  excellent 
paper  in  the  77th  volume  of  the  Philofophical  T ranfadlions,  may 
be  rendered  more  eafy  in  the  pradlice,  by  extending  the  tables 
fo  as  to  give  the  correflions  at  fighr,  as  is  in  fome  meafure 
done  in  the  original ; but  the  brevity  of  the  prefeat  work  pre- 
vented their  being  copied  here. 
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firft,  the  inftruments  are  neither  very  expenfive  nor 
eveh  difficult  for  an  ingenious  philofopher  to  make 
in  any  country  where  he  can  procure  quickfilver 
and  glafs  tubes  j but  the  geometrical  method  de- 
mands inftruments  of  confiderable  price,  which  can 
fcarcely  at  all  be  conftrudled  by  the  moft  ingenious 
perfon  who  is  deftitute  of  the  tools,  and  unac- 
quainted with  the  artifices  required  to  render  them 
corredl.  Secondly,  The  barometers  require  no 
other  adjuftment  than  to  obferve  previoully,  whe- 
ther they  agree,  and  to  allow | for  their  difference. 
The  barometrical  obfervations  are  likewife  eafily 
made  j whereas,  on  the  contrary,  the  previous  adjuft- 
ment and  fubfequent  ufe  of  inftruments  for  mea- 
furing  angles  require  a degree  of  precifion  and 
fkill  not  ufuaily  obtained  without  pradtice.  Thirdly, 
The  error  of  obfervation  in  the  barometrical  method 
for  all  elevations  is  nearly  a conftant  quantity,  never 
amounting  to  fo  much  as  half  a fathom  for  a mif- 
take  of  the  500th  of  an  inch ; but  any  error  either 
in  the  meafurement  of  lines  or  angles  proportionally 
affefts  the  refult  j fo  that  the  greater  the  elevation 
required  to  be  meafured,  the  larger  the  quantity  of 
error.  Fourthly,  The  barometrical  obfervations  re- 
quire no  particular  circumftances  of  advantage, 
eitlier  in  the  figure  or  fituation  of  the  mountains 
required  to  be  meafured,  nothing  more  being 
required  than  that  both  ftations  be  acceffible. 
Thefe  obfervations,  and  the  computation,  are  per- 
formed after  the  fame  method  in  all  cafes  j bur  in 
the  geometrical  method,  if  the  horizontal  diftance 

of 
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of  the  two  ftations  be  confidcrable,  or  if  there  be 
not  a convenient  plain  for  meafuring  a fundamental 
bafe,  the  operation  becomes  very  complicated,  and 
the  chance  of  error  is  multiplied, 

1>  It  muft  not,  however,  be  difgiiifed,  that  the  prin- 
ciples of  the  geometrical  method  are  eftablilhed 
and  fure,  and  that  an  extreme  degree  of  exa(d:nefs 
may  be  obtained  in  this  v/ay  by  good  inftrurnents 
in  the  hands  of  a fkiifiil  obferver.  Whereas  the 
modifications  of  the  atmofphere,  v/ith  refped;  to  the 
feffeft  which  exhalations  of  various  kinds,  and  the 
greater  or  lefs  abundance  of  die  eledtric  matter,^ 
may  have  in  expanding  the  air,  without  changing 
ks  temperature,  are  not  yet  fufficiently  known  to 
Fender  the  corredlions  altogether  as  perfect  as  might 
be  wifhed.  Future  obfervations  muft  point  out 
thefe,  and  in  the  mean  time  it  is  to  be  remembered, 
that  the  elevations  determined  by  the  barometer, 
when  the  extreme  temperatures  of  the  column  of 
air  do  not  greatly  differ,  and  when  the  air  is  cold 
and  dry,  are  moft  to  be  depended  on,  *. 


* For  a more  full  accouritof  this  curious  fubjeft,  confult  De 
Lut’s  Rechcrches  fur  les  Modifications  de  1’ Atmofphere.  Sir 
George  Shuckburgh’s  valuable  Obfervatioiis  made  in  Savoy, 
in  order  to  afeertain  the  height  of  mountains  by  means  of  the 
barometer,  inferred  in  the  Philofophical  Tranfaftions,  vol.  7^ 
with  Col.  Roy’s,  and  Mr.  de  Luc’s  papers,  in  the  fame  vo- 
lume ; alfo  Damon’s  Differtatio  Phyfica  et  Mathematica  de 
Montium  Altitiidinc  barometro  metienda:  and  the  authors 
by  him  cited. 
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CHAP.  II 


OF  THE  REFRACTIVE  POWER  OF  THE  AIR  J AND 
THE  CAUSE  OF  TWILIGHT. 

HAT  the  celeftial  fpace  or  heavens  is  either* 


X nearly  or  abfolutely  vacuous,  appears  from 
the  fmall  refiftance  the  planetary  bodies  fuffer  in 
their  motions ; fuch  refiftance,  if  it  obtain  at  all, 
being  too  minute  to  be  clearly  afcertained  by  any 
obfervations  we  are  in  poflefTion  of.  Light  there- 
fore, when  incident  on  our  atmofphere,  pafles  from 
a rarer  to  a denfer  medium,  and  ought,  according 
to  the  principles  of  optics,  to  be  refradted  towards 
the  perpendicular  (i.  262,  a.)  And  this  is  accord- 
ingly the  cafe.  Let  the  circle  abc  (fig.  130.)  r 
reprefent  a feftion  of  the  Earth,  and  the  external 
concentric  circle  the  furface  of  the  atmofphere  j let 
H N be  the  fenfible  horizon  of  a place  a,  and  s the 
Sun  beneath  the  horizon  j then  a ray  of  light  inci- 
dent on  the  furface  of  the  atmofphere  at  i,  will,  in- 
ftead  of  proceeding  to  a,  be  refradled  towards  the 
perpendicular  i e,  and  that  continually  the  more  as 
the  denfity  of  the  medium  becomes  greater,  fo  that 
it  will  arrive  at  a after  pafiing  through  the  curve 
I A ; and  a fpeilator  at  a will  behold  the  Sun  in  the 
line  of  the  laft  direftion  of  the  ray,  namely,  in  that 
of  A s,  the  tangent  to  the  curve.  The  apparent  ele-  s 
vation  which  a celeftial  body  fufiers  when  its  rays 
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fall  with  the  greatelt  obliquity,  to  wit,  when  it  is 
feen  in  the  horizon,  is  about  thirty-three  minutes 
of  a degree  : at  other  altitudes  the  differences  be- 
tween the  true  and  apparent  places  are  lefs,  the 
incidences  and  refradions  being  lefs  confiderable. 

T Hence  it  comes  to  pafs,  that  we  fee  die  celeftial  . 
bodies  for  fome  time  after  they  are  fet,  and  before 
they  rife  in  reality,  by  which  means  we  enjoy 
about  three  days  in  the  year  more  day -light  than 
otherwife  we  fhould : but  in  the  northern  parts, 
where  die  fun  rifes  and  fets  more  obliquely,,  and  the 
atmofphere  being  condenfed  by  cold,  refrads 
more  ftrongly,.  the  difference  is  much  greater. 

u The  refradion,  as  well  as  all  the  other  pheno- 
mena produced  by  the  atmofphere,  are  variable^, 
as  the  denfity  of  the  air  changes.  This  variation 
renders  the  obfervation  of  low  altitudes  uncertain,, 
as  the  allowance  for  refra6fion  cannot  be  collefted 
with  great  precifion  from  any  tables.  The  trigo- 
nometrical admeafurement  of  the  heights  of  lofty 
mountains  is  likewife  rendered  lefs  accurate  from 
this  caufe. 

V A method  of  difcoveriiig  the  height  of  the  atmo- 
fphere is  deduced  from  obfervations  of  the  morn- 
ing and  evening  twilight.  Notwithftanding  the 
very  great  tranfparency  of  the  air,  it  may  be  ren- 
dered vifible  by  means  of  the  rays  of  light  refiefted 
from  its  parts  in  all  dirc{51;ions.  This  effedt  is  feen 
when  the  beams  of  the  Sun  are  admitted  into  a room 
through  the  wiiidow-fiutter,  and  may  frequently 
be  obferved  when  the  Sun  fliines  through  the 

chafms  " 
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chafms  or  openings  in  a dark  cloud : from  which 
caufe  it  happens,  that  thofe  bodies  which  emit  a 
very  fmall  quantity  of  light  are  not  to  be  difcerned 
in  this  ftronger  light.  In  the  day-time  the  ftars  w 
are  invifible,  and  the  flame  of  a candle  can  fcarcely 
be  feen  in  the  fun-fliine : were  it  not  for  this  illu- 
mination the  flcy  would  appear  black,  and  the  fliady 
fides  of  objefts  would  be  of  a dark  colour,  nearly 
the  fame  as  at  midnight. 

The  Sun  Ihining  on  the  globe  of  the  earth  can  x 
illuminate  but  one  hemifphere  at  once,  as  has 
already  been  fliewn  ; but  it  is  not  fo  with  the  atmo- 
Iphere  which  environs  the  globe.  Thus,  the  illu- 
minated part  of  the  globe  terminates  at  d and  d, 
(fig.  128.)  but  the  atmofphere  is  enlightened  as  far 
as  B and  b.  In  confequence  of  this  it  happens, 
that  thofe  parts  which  have  already  entered  into  the 
dark  hemifphere,  and  to  which  therefore  the  Sun  is 
fet,  mufl;  ftill  enjoy  a degree  of  light  that  conti- 
nues as  long  as  any  of  the  enlightened  part  of  the 
atmofphere  remains  in  view.  This  light,  which  v 
gradually  decays  after  fun-fet,  or  increafes  before 
fun-rife,  is  called  the  twilight.  Let  AHCodb 
(fig  129.)  reprefent  a fe(5lion  of  the  Earth  in  the 
plane  of  the  Sun’s  azimuth,  and  let  the  fpace  con- 
tained between  the  concentric  circles  reprefent  the 
atmofphere  : then,  the  Sun’s  rays  in  the  direftions 
SB,  sb,  will  illuminate  half  the  globe  d c d,  and  the 
atmofphere  will  be  enlightened  as  far  as  b and  b on 
each  fide  within  the  dark  hemifphere  j which  en- 
lightened part,  fo  long  as  it  continues  above  the 

E 2 horizon 
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horizon  of  any  place,  will  caufe  a twilight  at  that 
place.  The  ray  s d b is  a tangent  to  the  Earth  at 
D,  and  meets  the  circumference  of  the  atmofphere 
at  B.  From  b draw  the  line  b h,  a tangent  to  the 
Earth  at  a,  which  continue  towards  nj  hn  will 
then  reprefent  the  horizon,  in  which  the  extreme 
point  b of  the  enlightened  part  of  the  atmofphere 
will  be  fituatedi  that  is,  twilight  will  be  juft  be- 
ginning or  ending  at  the  place  a.  The  angle  s b n, 
which  is  equal  to  the  angle  a e d,  whll  be  the  angle 
of  the  Sun’s  deprelTion  beneath  the  liorizon  h n ; 
z and  the  angle  a e b is  the  half  of  a e d.  Hence, 
if  the  deprehion  of  the  Sun  beneath  the  liorizon, 
and  the  femidiameter  of  the  Earth  be  knowm,  it 
will  be  eafy  to  find  the  height  of  the  atmofphere. 
For,  in  the  right  angled  triangle  a b e. 

As  the  fine  complement  of  half 

the  Sun’s  depreflion  - - aeb  S'’  30' 

Is  to  the  Earth’s  femidiameter  ae  3437  miles. 
So  is  radius  - - fine  90^ 

To  the  hypothenufe  - - - eb  3475  miles. 

The  difference  between  which  and  the  femidiameter 
of  the  Earth  is  the  line  h b,  or  height  of  the 
A atmofphere,  38  geographical,  or  44  Englifh  miles. 
The  angle  of  the  Sun’s  depreffion  is  known  by  the 
time  elafped  between  the  beginning  or  end  of  twi- 
light, and  the  rifing  or  fetting  of  the  Sun  j and  it 
is  judged  to  be  twilight  fo  long  as  the  illumination 
of  the  atmofphere  prevents  the  fmailer  fixed  (tars 
from  appearing.  It  is  alfo  obferved,  that  the  even- 
ing arc  always  longer  t}<an  the  morning  twilights, 
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INFECTS  OF  HEAT  ON  AIR. 

which  miift;  arife  from  the  rarefa£l:ion  of  the  air  over 
the  place,  after  the  day’s  fun-fltine.  A fimilar. 
difference  is  obferved  between  the  twilights  of  fum- 
mer  and  winter. 

This  explanation  is  fufficlent  to  flicw  the  caufe  b 
of  the  twilight.  But  in  ftridl  computation  the  refrac- 
tion to  which  the  light  is  fubjedl  three  times  before 
it  comes  to  the  eye  fhould  be  allov/ed  for^  and  will 
fomewhat  diminifh  the  height  deduced. 


CHAP.  III. 


CONCERNING  THE  CAUSES  BY  WHICH  THE  SPRING 
OF  THE  AIR  IS  ALTERED,  AND  WINDS  ARE  PRO- 
DUCED. 


TH  E expaniion  of  air  by  heat,  while  the  pref- 
fure  remains  the  fame,  has  already  been  taken 
notice  of  (40,  x.)  Heat  therefore  increafes  its 
fpring,  as  may  he  Ihewn  by  the  follawing  expe  - 
ment : 


c 


Let  AD B (fig.  1 31.)  reprefent  a hollow  glafs-  d 
ball,  having  a narrow  bent  tube  a c g e affixed' to 
it.  The  lower  part  of  the  bent  tube,  and  part  of 
the  ball,  is  filled  with  mercury,  as  in  the  figure; 
the  furface  a b within"  the  ball  being  on  the  fame 
horizontal  line  with  the  furface  at  c in  the  tube. 
The  parts  of  the  mercury  will  then  be  in  equillbrio, 
jhe  external  furface  c being  preffed  by  tlie  weight 
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of  the  atmofphere,  and  the  internal  furface  a b be^ 
ing  prefTed  by  the  fpring  of  the  included  air,  which 
is  equal  to  that  weight.  But  if  the  ball  be  immerfed 
in  boiling  water,  the  increafed  Ipringof  the  included 
air  prelTing  on  the  furface  a b,  will  raife  the  mer- 
cury from  c to  G,  and  there  lliftain  it,  namely,  at 
the  height  of  8 f inches,  when  the  mercury  in  the 
Torricellian  tube  Hands  at  30  inches.  And  as  the 
contained  air  is  not  fenfibly  dilated  by  the  extrufion 
of  fo  fmall  a quantity  of  mercury,  the  fuftentation 
may  be  regarded  as  the  entire  efFeft  of  its  fpring. 
The  fpring  of  the  included  air  at  the  heat  of  boiling 
water  is  therefore  not  only  equal  to  the  weight  of 
the  atmofphere,  but  likewife  to  an  additional  preffurc 
of  more  than  of  that  weight. 

E By  the  fame  inftrument,  it  is  found,  that  the  elaf- 
ticity  of  the  air  is  weakened  by  immerfion  in  very 
cold  or  freezing  mixtures.  And  conclufions  fimilar 
to  thefe  may  be  made  by  various  methods,  which 
the  attentive  learner  will  readily  difeover. 

F In  the  foregoing  experiment  the  air  was  pre- 
vented from  expanding,  in  confequence  of  its  in- 
creafed fpring,  by.  the  preflure  of  the  mercury,  but 
if,  inftead  of  putting  mercury  into  the  ball,  a fmall 
quantity  be  made  to  hang  in  the  tube,  as  at  g h, 
it  will  by  its  motion  indicate  the  dilatation  or  con- 

G traftion  of  the  included  air.  By  a method  fimilar 
to  this  it  is  found,  that  from  the  point  o in  Fahren- 
heit’s thermometer  to  the  heat  of  boiling  water,  or 
212^.  common  diy  air  expands  fo  as  to  occupy  an 
additional  Ipace  more  than  before,  equal  to  the  frac- 
tion 
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tion  .48421  of  its  former  bulk.  But  the  cxpanfions 
of  moift  air  are  much  greater  *. 

It  will  not  be  difficult  from  thefe  experiments  to  h 
point  out  the  caufes  of  many  phenomena  that  hap- 
pen in  the  air.  For,  if  any  part  of  the  air  be  either 
heated,  or  charged  with  vapor,  it  will  expand,  and 
in  confequence  of  that  expanfion  become  Ipecifi- 
cally  lighter  than  before.  It  muif,  therefore,  by  the 
laws  of  hydroftatics,  afcend,  and  the  circumambient 
air  mufl;  prefs  in  on  all  fides  to  fupply  its  pUce. 
Hence  the  caufe  of  the  afcent  of  fmoke  in  a chim- 
•ney.  The  air  which  paffies  through  the  fire,  or 
uomes  within  a certain  diftance  from  it,  is  rarefied, 
and  afcends,  giving  place  ito  the  cold  air  that 
prelTes  in  : this  in  its  turn  becomes  rarefied,  and  the 
afcending  current  of  air  continues  as  long  . as  the  fire 
is  kept  up,  the  wind  drawing  from  all  parts  towards 
file  chimney. 

If  the  fire  were  in  the  open  air,  the  heated  air  i 
would  flill  afcend  in  a current,  and  the  cooler  air 
prefs  in  on  all  fides  j that  is  to  fay,  a wind  would 
be  generated,  which  would  conftantly  blow  to- 
wards the  fire.  The  quantity  of  air  rarefied  by  any. 
fire  we  can  make  is  fo  fmall,  that  the  wind  produced 
by  that  means  is  too  inconfiderable  to  be  perceived  at 
any  great  diftance  from  the  fire  3 but  the  rarefadtions 

* Mufchenbrcek’s  Cour  de  Phyfique  may  be  confulted  for 
an  abflradl  of  what  has  been  done  refpefting  the  expanfion  of 
air  by  and  others.  But  the  moft  copious  and  valu- 

able fet  of  experiments  are  thofe  of  Col.  Roy,  in  the  Philolo- 
phical  Tranfactions,  part  2.  for  the  year  1777. 
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arifiog  from  natural  caufes  are  fufficient  to  produce 
all  the  winds  that  agitate  the  atmofphere. 

K The  fenfible  horizon  is  not  only  divided  into 
360  degrees,  like  other  great  circles,  but  alfo  into 
32  equal  parts,  called  points  of  the  compafs,  which 
are  again  fubdivided  into  halves  and  quarters.  The 
points  of  the  compafs  have  each  a feparate  name. 
The  points  of  interfeftion  between  the  meridian 
and  the  horizon  are  termed  North  and  South  j and 
two  other  points,  at  the  diftance  of  90°  from  the 
North  and  South,  are  termed  Eaft  and  Weft: 
thefe  four  are  denominated  cardinal  points.  The 
intermediate  points  take  their  names  from  the  car- 
dinal points  between  which  they  are  fttuated,  as  in 
the  figure,  where  the  initial  letters  N.  S.  E.  W. 
(fig.  132.)  ftand  for  the  words  North,  South,  Eaft, 
Weft. 

L A wind  is  named  from  the  point  of  the  compafs 
from  which  it  blows. 

M The  different  winds  may,  with  refpe6b  to  their 
direftion,  be  reduced  into  three  claffes,  viz.  gene- 
• ral,  periodical,  and  variable  winds. 

N General  winds  blow  always  nearly  in  the  fame 
direftion.  In  the  open  feas,  that  is,  in  the  Atlan- 
tic and  Pacific  Oceans,  under  the  equator,  the  wind 
’ is  found  to  blow  almoft  conftantly  from  the  eaft- 
ward ; this  wind  prevails  on  both  fides  of  the  equa- 
tor to  the  latitude  of  28'^.  To  the  northward  of 
the  equator,  the  wind  is  between  the  North  and 
Eaft,  and  the  more  northerly  the  nearer  the  nor- 
thern limit  j to  the  fouthward  of  die  equator,  the 

wind 


PERTODICAI.  WINDS.  ''^7 

wind  is  between  the  South  and  Eaft,  and  the  more 
foutherly  the  nearer  the  fouthern  limit. 

Between  the  parallels  of  28"  and  40®  fouth  lat,  o 
in  that  tra6b  which  extends  from  30^  Weft  to  100° 

Eaft  longitude  from  the  meridian  of  London,  the 
wind  is  variable,  but  by  far  the  greater  part  betv/een 
the  N.  W.  and  S.  W.  fd  that  the  outward  bound 
Eaft  India  ftiips  generally  run  down  their  calling 
on  the  parallel  of  36”  fouth. 

Beyond  the  northern  limit  of  the  general  wind  in  p 
the  Atlantic  Ocean,  the  wefterly  winds  prevail,  but 
not  with  any  certainty  of  continuance. 

Near  the  weftern  coaft  of  Africa,  within  the 
limits  of  the  general  wind,  the  winds  are  found  to 
be  deflefled  towards  the  fhore  to  fuch  a degree, 
that  they  are  found  to  blow  from  the  N.  W.  and 
S.  W.  quarters  for  the  moft  part,  inftead  of  the 
N.  E-  and  S.  E.  as  is  the  cafe  farther  out  at  lea. 
The  general  winds  are  ufually  called  trade-winds,  r 
In  the  Atlantic  Ocean,  the  S.  E.  trade-wind  ex-  s 
tends  as  far  as  3®  north,  and  the  N.  E,  trade-wind 
ceafes  at  the  5th  degree  N.  In  the  intermediate 
fpace  are  found  calms^  with  rain,  and  irregular  un- 
certain fqualls,  attended  with  thunder  and  lightning. 
But  ^is  fpace  is  Ihifted  farther  to  the  northward  or 
foutliward,  accordingly  as  the  Sun’s  declination  is 
ITQore  northerly  or  foutherly. 

Periodical  winds  are  thofe  which  blow  in  a cer-  t 
tain  diredion  for  a time,  and  at  ftated  feafons 
change  and  blow  for  an  equal  fpace  of  time  from 
th»  oppofite  point  of  the  compafs.  Thefe  may  be 
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divided  into  two  clafles,  viz.  monfoons,  or  winds 
that  change  annually ; and  land  and  fea-breezes, 
or  winds  that  change  diurnally. 

u While  the  Sun  is  to  the  northward  of  the  equi- 
nodial,  that  is  to  fay,  in  the  months  of  April, 
May,  June,  July,  Auguft,  and  September,  the 
wind  blows  from  the  fouthward  over  the  whole 
extent  of  the  Indian  Ocean ; namely,  between  the 
parallels  of  28^^  N.  and  28^  S.  latitude,  and  be- 
tween the  eaftern  coafl  of  Africa  and  the  meridian 
which  palTes  through  the  weftern  part  of  Japan. 
In  the  fea  between  Madagafcar  and  New  Holland, 
the  S.  E,  wind  prevails  as  far  as  the  equator,  where 
it  is  defleded,  and  blows  into  the  Arabian  Gulf  and 
Bay  of  Bengal  from  the  S.  W,  Between  Madagaf- 
car and  the  main  land  of  Africa,  a S.  St  W.  wind 
obtains,  and  coincides  with  the  S.  W.  winds  in  the 
Arabian  Gulf.  To  the  northward  of  New  Holland, 
the  S.  E.  wind  is  predominant,  but  varies  very 
much  among  the  iflands ; and  between  the  penin^ 
fula  of  Malacca  and  die  Idand  of  Japan,  a S.  S.  W, 
wind  prevails.  All  this  is  to  be  underftood  for 
the  aforementioned  months, 
v But  in  the  other  months,  Odober,  November, 

^ December,  January,  February,  and  March,  a re- 
^ markable  alteration  takes  place.  In  the  fea  between 
Madagafcar  and  New  Holland,  the  S.  E.  wind 
extends  no  farther  to  the  northward  than  about  the 
loth  degree  of  fouth  latitude,  the  other  10  degrees 
being  occupied  by  a wind  from  the  oppofite  point 
of  the  compafs,  or  N.'W.  at  the  fame  time  that  the 
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winds  in  all  the  northern  parts  of  the  Indian  Ocean 
Ihift  round,  and  blov/  directly  contrary  to  the  courfe 
they  held  in  the  former  fix  months.  Thefe  winds 
are  called  monfoons,  or  jfhifcing  trade-winds. 

Thefe  changes  are  not  fuddenly  made.  Some  w 
(days  before  and  after  the  change,  there  are  calms, 
variable  winds,  and  dreadful  ftorms,  attended  with 
thunder,  lightning,  and  rain. 

On  the  greater  part  of  the  coafls  of  lands  fituated  x 
between  the  tropics,  the  wind  blows  towards  the 
fhore  in  the  day-time,  and-  towards  the  fea  in  the 
night.  Thefe  periodical  winds  are  termed  the  land 
and  fea  breezes,  and  are  much  affedted,  both  in  their 
direftion  and  return  by  the  courfes  of  rivers,  tides, 
&c. 

Variable  winds  are  thofe  which  are  fubjedled  to  Y 
no  period,  either  in  duration  or  return,  and  are  too 
well  known  to  need  defcription. 

If  the  air  were  uniformly  of  the  fame  denfity  at  z 
the  fame  height,  and  the  lighter  parts  always  repofed 
upon  the  heavier,  it  is  evident  that,  the  lateral  pref- 
fure  being  equal  in  every  horizontal  direftion,  it 
would  remain  at  reft.  But  if,  on  tlie  contrary,  any 
portion  or  part  of  the  air  were  heavier  than  the  reft, 
it  would  defcend,  or  if  lighter,  afcend  till  the  equi- 
librium was  reftored  j fo  that  either  the  difplaced 
air  would  occafion  a wind,  diverging  from  a cen- 
tral fpace  in  confequence  of  the  defcent  or  pouring 
down  of  the  heavier  air,  or  elfe  the  air  rufhing  in, 
would  occafion  a wind  converging  to  a central 
fpace  to  fupply  the  lighter  afcending  ftream.  It  a 
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is  therefore  evident,  tliat  any  agent  that  alters  the 
denfity  of  apart  of  the  air  will  produce  a wind- 

s The  denfity  of  air  is  changed  by  comprelTiort, 
and  by  heat.  Its  elafticity  is  increafed  by  the 
addition  of  moifture,  and  electricity  may  have 
likewife  fome  effeCt  of  the  fame  kind.  The  com- 
prelTion  the  air  fuffers  in  the  natural  courle  of 
events,  is  nearly  uniform,  and  experiments  are 
wanting  to  decide,  whether  the  addition  of  moif- 
ture to  air  at  any  of  the  ufual  temperatures  does 
not  augment  its  denfity  as  much  as  the  increafed 
elafticity  diminifties  it ; peither  have  any  methods 
been  yet  devifed  to  ftiew,  whether  air  in  different 
fituations  with  refpeCt  to  eleCtricity  is  altered  in  its 
dimenfions.  In  confidering  the  caufes  of  winds,  the 
principal  agent  to  be  attended  to  muft  therefore  be 
beat. 

€ If  the  Earth  did  not  revolve  on  its  axis,  it  is 
plain  that  the  Sun,  being  ftationary  over  one  parti- 
cular fpot,  would  rarefy  the  air  at  that  fpot : it 
would  confequently  afeend  by  the  prefture  of  the 
circumambient,  and  lefs  rarefied  air,  till  it  arrived 
at  a region  in  which  the  air  was  fufHciently  rare  to 
fuffer  it  to  expand  on  all  fides : and  tluis  there 
would  be  produced  a converging  wind  near  the 
furface  of  the  Earth,  and  a contrary  or  divergent 
wind  in  the  upper  region  of  the  air.  But  fince  the 
Earth  does  revolve  on  its  axis,  and  the  Sun  there-^ 
fore  is  not  ftationary,  it  muft  follow,  that  the  place 
where  the  air  is  moft  rarefied  will  be  found  fuccef- 
fively  in  every  point  of  the  parallel  over  which  the 

Sun 
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Sun  moves  in  the  courfe  of  a day.  And  as  this 
place  continually  moves  to  the  weftv'ard,  the  lower 
air  muft  as  conftantly  follow  it.  Hence  we  have  the 
origin  of  the  general  N.  E.  and  S.  E.  trade-winds, 
which  no  doubt  would  extend  over  the  whole  of  the 
fpace  between  the  tropics,  were  it  not  for  the  dif- 
ferent temperatures  of  the  continents  and  iflands 
over  which  the  Sun  paffes.  For  tlie  furface  of  earth 
is  more  heated  than  that  of  the  fea,  by  rcafon  that 
the  tranfparency  of  the  water  permits  many  of  the 
rays  of  light  to  pafs  to  its  interior  parts  before  they 
are  ftifled  and  loft.  The  air  therefore,  contiguous 
to  the  land,  being  more  lieated  than  that  which  refts 
upon  the  fea,  will  prevent  the  regularity  of  the 
effedb.  Thus,  near  the  weftern  coafts  of  Africa  and 
America,  the  winds  blow  from  the  weftward,  to 
fupply  the  conftant  rarefadlion  tiiofe  heated  lands 
produce. 

The  general  N.  E.  and  S.  E.  trade-winds,  pro-  d 
ducing  in  the  upper  region  of  the  air  winds  in 
the  contrary  diredtions,  feem  to  be  the  caufe  of  the 
wefterly  winds  which  are  obferv^ed  to  prevail  between 
the  latitudes  of  28'^  and  40°. 

In  accounting  for  the  monfoons,  or  periodical  e 
trade-winds,  it  is  neceftary  to  mark  the  peculiar 
circumftances  which  obtain  in  the  Indian  Ocean, 
and  which  are  not  found  in  the  Atlantic  or  Pacific 
Oceans.  They  feem  to  be  thefe.  That  the  ocean 
is  bounded  to  the  northward  by  fhores,  whole  Lati- 
tude does  not  exceed  the  limits  of  the  general 
trade-wind,  and  that  the  general  trade-wind /alL  on 
lee-fliores  to  the  weftward. 


The 
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r The  Sun  being  twice  in  the  year  vertical  in  tliC 
equator,  and  never  departing  more  than  231-® 

• from  thence,  caufes  the  air  in  that  climate  to  be 

% 

hotter  than  at  any  other  place  on  the  ocean  j and  is 
the  occafion  of  the  trade-wind,  as  has  already  been 
Ihewn.  Such  a rarefied  Ipace  mull;  extend  acrofs 
the  Indian  Ocean,  and  produce  a S.  E.  wind  to  the 
louthward,  and  a N.  E.  wind  to  the  northward  of 
the  equator,  over  which,  in  the  upper  regions  of  the 
air,  the  winds  return  in  the  contrary  diredtions* 
This  we  accordingly  fee  happens  in  the  months  of 
Oftober,  November,  December,  January,  Febru* 
ary,  and  March.  But  when  the  Sun  declines  to  the 
northward,  and  heats  the  lands  there,  the  air  con- 
tiguous to  thofe  lands  becomes  rarefied,  and  the 
lower  air  has  a tendency  to  move  that  way.  This 
tendency  increafes  as  the  Sun  advances  farther 
North,  fo  that  the  whole  body  of  the  lower  air 
to  the  northward  of  the  equator  moves  towards  the 
northern  lands,  notwithftanding  the  equatorial  rare- 
fadlion,  which  muft  be  fupplied  by  the  upper  or 

G returning  current.  It  feems  then  that  the  body  of 
the  lower  air  in  the  northern  part  of  the  Indian 
Ocean  is  determined  as  to  its  courfe  by  the  greater 
rarefadion : if  the  rarefaftion  at  the  furface  of  the 
land  be  greater  than  that  at  the  equator,  the  wind 
blows  to  the  North,  and  the  contrary  happens  when 
tlie  equatorial  rarefaftion  is  greateft.  When  the 
northerly  trade-wind  prevails,  it  blows  out  of  the 
Arabian  Gulf  upon  the  coafts  of  Arabia,  Ay  nan  an*d 
Zanguebar,  and  is  reflected  into  the  llraits  of 

Mofambique. 
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Mofambique.  And  at  the  other  feafon,  the  general 
foutherly  wind  feems  to  be  refleded  to  the  weftward 
by  the  lame  caiife. 

Thefe,  or  fome  fiich  like,  are  probably  the  canfes  n 
of  the  winds  that  prevail  in  the  Indian  feas.  But 
the  obfervations  we  are  in  poflelTion  of  are  too  few 
and  too  inaccurate  for  the  purpofe  of  forming  a 
theory. 

On  the  fame  principles  it  will  not  be  difficult  i 
to  account  for  the  land  and  fea  breezes.  For,  be- 
caufe  the  land  is  heated  in  the  day-time,  the  wind 
muft  blow  in  fhore  to  fupply  the  place  of  the  afcend- 
ing  rarefied  air : and  in  the  night  the  land  cools, 
and  condenfes  the  air,  occafioning  the  land  breeze. 

The  circum-ftances  that  produce  the  variable  k. 
winds  are  referable  to  thofe  already  noticed,  but 
ad  fo  differently  in  particular  cafes  and  fitiiations, 
that  it  is  fcarcely  pradicable  to  reduce  them  to  aii\' 
rule. 

.When  feveral  winds  converge  fv/iftly  to  one  l 
point,  the  air  afeends  with  great  rapidity,  and  ac- 
quires a whirling  motion,  like  that  of  water  delcend- 
ing  in  a funnel.  And  as  the  centrifugal  force  in 
this  whirling  motion  of  the  water  is  often  fufficient 
to  counterpoife  the  lateral  preffure,  and  to  prevent 
ks  approaching  the  central  parr,  it  frequently  hap- 
pens, that  a perforation  is  feen  quite  through  the 
body  of  the  fluid.  In  like  manner,  the  centrifugal 
force  of  the  air  may  become  equal  to  the  preffure  of 
the  atmofphere,  and  confequently  leave  a void  fpace 
about  the  center  of  the  motion.  This  phenomenon 
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is  called  a whirlwind,  and  fometimes  produces  fatal 
cffefts.  For,  partly  by  the  expanfion  of  the  air  in- 
cluded in  houfes  or  other  buildings,  and  partly  by 
the  violence  of  the  afcending  current,  it  happens, 
that  bodies  near  the  center  of  the  whirl  are  blown  up 
into  the  vacuum,  or  carried  aloft  with  great  impe- 
tuofity  in  a fpiral  motion. 

M If  one  of  thefe  whirlwinds  happen  at  fea,  the 
preffure  of  the  atmofphere  being  taken  off  that  part 
of  the  furface  over  which  the  vacuum  is  formed, 
tlie  water,  on  the  principle  of  the  Torricellian  tube, 
will  rife  to  the  height  of  thirty -two  or  thirty-three 
feet  before  it  will  be  in  equilibrio  with  the  external 
preffure.  The  afcending’ warm  air  being  moft  pro- 
bably charged  with  vapours,  will  fuffer  them  to  be 
condenfed  as  it  arrives  in  a colder  region,  and  thus 
the  courle  of  the  current  will  be  marked  by  the 
denfe  and  opake  vapor,  and  by  the  continual  afeent 
a cloud  will  be  formed  above.  Thefe  are  the  phe- 
nomena of  water-fpouts.  At  firft  a violent  circular 
motion  of  the  fea  is  obferved  for  a fpace  fometimes 
of  twenty  feet  diameter  j the  fea  rifes  afterwards 
by  degrees  into  a tapering  column  of  about  thirty 
feet  in  height,  at  the  fame  time  that  a cloud  appears, 
from  which  a dark  line  or  column  defeends.  This 
column  is  met  by  another,  which  afeends  fomewhat 
like  fmoke  in  a chimney,  from  the  lower  or  folid 
part  of  the  fpout.  After  this  jun61;ion  the  cloud 
continually  increafes  till  the  whirl  ceafes,  and  the 
appearance  terminates. 
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OF  SOUND;  AND  OF  MUSIC, 

HEN  obtule  bodies  move  in  elaflic  fluidsj  n 


▼ V they  condenfe  that  part  mwards  v/hich  tiiey 
move  at  the  Erne  time  that  the  part  tliey  recede 
from  is  rarefied.  This  condenfation  or  rarefadlion 
muft  produce  an  undulatory  or  vibrating  motion  in 
the  fluid.  Thus,  if  a body  by  percuflionor  other- 
wife  be  put  into  a tremulous  motion,  every  vibra- 
tion of  the  body  will  excite  a wave  in  the  air,  which 
will  proceed  in  all  diredlions  fo  as  to  form-  a hol- 
low fphere  ; and  the  quicker  the  vibrations  of  the 
body  fucceed  each  other,  the  lefs  will  be  the  diftance 
between  each  fucceffive  v/ave.  The  fenfation  ex-  o 
cited  in  the  mind  by  means  of  thefe  waves  which 
enter  the  ear,  and  produce  a like  motion  in  a thin 
membrane,  ftretched  obliquely  acrofs  the  auditory 
paffage,  is  called  found.  But  the  term  is  fre- 
quently ufed  to  imply  not  only  the  fenfation  excited 
in  the  mind,  but  likewife  the  affedtion  of  the  air,  or 
of  the  fonorous  body  by  which  that  fenfation  is  pro- 
duced. Thus,  we  fay,  that  a found  is  in  the  air, 
or  that  a body  founds  when  ftruck,  though  the 
affedtion  of  the  air  or  body  is  very  different  from 
the  fenfation. 

That  bodies  move  or  tremble  when  they  produce  p 
found,  requires  no  particular  proof ; it  is  evident  in 
drums,  bells,  and  otlier  inflru.ments,  v/hofe  vibra- 
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tions  being  large  and  flrong,  are  therefore  more 
perceptible  : and  it  is  equally  clear,  that  a fiinilar 
vibration  is  excited  in  the  air,  becaufe  this  vibration 
is  communicated  through  the  air  to  other  bodies- 
that  are  adapted  to  vibrate  in  the  fame  manner: 
thus,  bells,  glaffes,  bafons,  and  mufical  firings,, 
will  found  merely  by  tlie  a6lion  propagated  from- 
other  founding  bodies. 

It  is  eflablifhed  as  well  by  mathematical  rcafon- 
ing  from  the  nature  of  an  elaftic  fluid,  as  from  expe- 
riment, that  all  founds  whatever  arrive  at  the  ear  in 
equal  times  from  founding  bodies  equally  diflant, 

R This  commofi  velocity  is  1142  Englifli  feet  in  a 
fecond  of  time.  The  knowledge  of  the  velocity 
of  found  is  of  ufe  for  determining  diftances  of 
Iliips,  or  other  objeds  : for  inflance,  fuppofe  a fliip 
fires  a gun,  the  found  of  w'hich  is  heard  5 feconds 
after  the  flafli  is  feen  j then,  1142  multiplied  by  5, 
gives  the  diftance  5710  feet,  or  i Englifli  mile  and 
430  feet. 

% When  the  aerial  waves  meet  with  an  obflacle 
which  is  hard,  and  of  a regular  furface,  they  are 
refleded ; and  confequently,  an  ear  placed  in  the 
courfe  of  thefe  refleded  waves  will  perceive  a found 
fimilar  to  the  original  found,  but  which  will  feem 
to  proceed  from  a body  fituated  in  like  pofition  and 
diifancc  behind  the  plane  of  refledion  as  the  real 
founding  body  is  before  it.  This  refleded  found  is 
called  an  echo. 

T The  waves  of  found  being  thus  reflexible,  nearly 
the  fiime’  in  effed  as  the  rays  of  light,  rnay  be 
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tleflefted  Or  magnified  by  much  the  fame  con- 
trivances as  are  ufed  in  optics.  From  this  pro- 
perty of  refle6tion  it  happens,  that  founds  uttered  • 
in  one  focus  of  an  elliptical  cavity  are  heard  mucli 
magnified  in  the  other  focus : inftanccs  of  which  are 
found  in  feveral  domes  and  vaults,  particularly  the 
whifpering  gallery  at  St.  Paul’s  Cathedral  in  Lon- 
don, where  a whifper  uttered  at  one  fide  of  the  dome 
is  reflefted  to  the  other,  and  may  be  very  difi:in6lly 
heard;  On  this  principle  alfo  is  conftrufted  the 
fpeaking  trumpet,  which  either  is  or  ought  to  be  a 
hollow  parabolic  conoid,  having  a perforation  at  the 
vertex,  to  which  the  mouth  is  to  be  applied  in 
Ipeaking,  or  the  ear  in  hearing. 

In  addition  to  the  advantages  we  enjoy  from  the  tj 
perception  of  found,  when  the  fenfe  of  feeing  can- 
not be  employed,  and  in  conveying  our  thoughts  to 
each  other  by  means  of  the  afibciations  formed  be- 
tween words  and  ide.is,  we  receive  great  pleafure 
from  the  combination  of  found  known  by  the  name 
of  mufic; 

If  a body  be  ftruck,  and  the  vibrations  excited  y 
be  all  performed  in  equal  times,  the  undulations 
produced  in  the  air  will  be  fo  likewife,  and  a fimj^le 
and  uniformly  fimilar  found  will  be  produced,  ex- 
cept as  to  loudiiefs  or  intenfity ; foiv  as  the  vibra- 
tions grow  lefs  ftrong,  the  found  decays.-  But  if  the 
vibrations  excited  be  various  and  dilfimilar,  a like 
variety  of  dilfimilar  undulations  will  be  produced  in 
the  air  j and  the  found  miift  be  harfh,  as  if  feverai 
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founds  were  heard  together.  The  firft  of  thel« 
founds  is  a mufical  tone,  and  the  latter  a noife. 

V/  This  is  confirmed  by  experience ; for  we  find 
that  thofe  bodies  which  are  the  moll  uniform  in 
their  texture,  and  by  confequence  beft;  adapted  to 
vibrate  fimply  and  ifochronally,  always  produce  the 
mofb  mufical  tones;  as  for  example,  mafles  of  elaf- 
tic  metal,  brafs,  caft-iron,  and  the  like.  And  this 
tone  is  more  ftridtly  mufical  if  the  metal  be  fo 
formed  as  to  vibrate  in  the  fimplefl  manner  pof- 
fible.  Thus,  a liollow  metallic  vcffel  or  bell,  it  it 
be  well  formed,  and  not  damaged  in  the  tuning^ 
will  give  but  one  uniform  mtifical  tone,  or  at  lead 
the  tones  produced  will  confift  of  one  predominant 
or  principal  tone,  and  feveral  others  th.at  have  a 
perfedt  nrufical  agreement  with  it.  A wire  of  an 
uniform  thicknefs,  ftretched  over  two  hard  bridges 
or  fulcrums,  will  produce  the  fame  efiedl.  Mufical 
tones  may  be  obtained  by  various  means  ; but  it 
v.'ill  fufiiciently  anfwer  our  prefent  parpofe  to  attend 
only  to  die  fimplefi:  method  wherein  firings  or  wires- 
are  made  ufe  of. 

X Experience  and  reafon  have  cftabliflied  the  foL- 
lov;ing  ]iofrtions  refpedting  the  vibrations  of  chords^ 
or  firings. 

v I'he  forces  or  weights  which  are  neceffary  toi 
draw  an  extended  chord  ab  (fig.  133.)  out  of  its: 
place  to  the  diflances  c e,  of,  eg,  are  diredlly 
proportional  to  thofe  diflances,  provided  the  chordl 
be  not  too  much  drawn  afide. 


Tliere- 


MUSICAL  SOUNDS.  S<) 

Therefore,  fince  the  forces  with  which  the  chord  z 
returns  to  its  firll  fituation,  when  fet  at  liberty^  are 
always  in  proportion  to  the  fpace  it  has  to  pafs 
through,  the  vibrations  mufl;  all  be  performed  in 
equal  times. 

If  chords  differ  only  in  thicknefs,  the  times  of  a 
their  vibrations  wdil  bedireftly  as  their  diameters. 

If  chords  differ  only  in  tenfion,  the  times  of  b 
their  vibrations  will  be  inverfely  as  the  fquare  roots 
of  the  weights  by  which  they  are  ftretched. 

If  chords  differ  only  in  length,  the  times  of  their  c 
vibrations  will  be  direotly  as  their  lengths. 

That  tone  produced  by  a firing  that  vibrates  p 
quickly  is  termed  acute  or  fharp,  when  compared 
with  the  tone  of  a firing  that  vibrates  flower  j and 
the  tone  produced  by  the  latter  is  called  grave  or 
fiat,  when  compared  with  that  of  the  former. 

If  two  chords  be  flruck,  either  at  the  fame  inflant  e 
or  in  immediate  fucceffion,  the  coincidence  of  found 
is  pleafmg  or  difpleafing,  accordingly  as  the  tv/o, 
tones  produced  fland  related  to  each  other  in  gra- 
vity or  acutenefs  : if  they  be  fo  related  as  to  afford 
pleafure,  the  coincidence  is  called  a concord,  but  if 
not,  it  is  termed  a difeord. 

A fet  of  tones  whicli  follow  each  other,  and  afford  f 
pleafure,  is  called  melody ; a fet  of  cotemporary 
tones  which  afford  pleafure,  is  called  harmony. 

The  more  frequently  the  vibrations  of  two  chords  g 
coincide  with  each  other  the  perfedler  the  concord 
will  be ; thus,  two  equal  firings,  equally  flrdtched, 
will  each  give  the  fame  tone ; the  vibrations  of  the  one 
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will  coincide  with  thofc  of  the  other,  and  the  con- 
cord will  be  moll:  perfedl : again,  two  fbrings,  differ- 
ing only  in  length  j the  one  being  half  the  length 
of  the  other,  v/iil  vibrate  the  one  twice  while  the 
other  vibrates  once,  the  coincidence  will  be  at  every 
fecond  vibration  of  the  fliorter  ftring,  and  a concord 
will  be  produced,  but  lefs  perfedl; ; if  the  firings  be 
in  length  as  2 to  3,  the  coincidence  will  be  lefs  fre- 
quent, namely,  at  the  third  vibration  of  the  fhorter 
firing,  and  the  concord  will  be  flill  lefs  perfefl : and 
fo  forth. 


H By  the  help  of  thefe  principles  all  ftringed  in- 
flruments  are  conflrufled ; that  feries  of  mufical 
tones  being  feledted,  w^hich  experience  has  fhewn 
to  be  befl  adapted  for  the  purpofes  of  melody  and 
I harmony.  The  feries  is  called  the  diatonic  fcale> 
and  its  properties,  together  wdth  the  names  of  the 
tones,  may  be  feen  in  the  following  fcheme  ; 


Names. 

u nifon,  qr  fl]n- 
damental 


Lengths.  Perfe£lion. 

I : I Moll  perfe(5t  concord. 


Second  - - 10  ; 9 Difcord. 

Third  greater  5 : 4 Imperfecl  concord. 

Fourth  - - -4:3  Imperfe6l  concord. 

Fifth  - - 73:2  Perfect  concord. 

Sixth  greater  - 5:3  Imperfed  concord. 
Seventh  greater  15  : 8 Difcord. 

Odavc  - - 2:1  Perfed  concord. 


K d'he  above  is  called  the  fiiarp  feries,  in  conti'a- 
difiindion  to  the  fiat  feries,  or  fcale,  wherein  the 
tliii'd,  fixtlt,  and  fevcnih  are  kfs  or  flat,  beinn  in 
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die  ratios  of  6 ; 5,  8 : 5 and  9:5.  There  are 
Jikewife  other  intermediate  tones  ufed  in  pradice, 
as  the  fecond  lefs,  and  fourth  greater,  whofe  lengths 
areas  16  : 15,  and  7:5.  All  thefe  are  found 
in  the  conftru6lion  of  inftruments ; that  by  their 
means  the  performer  may  place  his  fundamental,  or 
principal  note,  on  any  of  the  tones  at  pleafure,  and 
ufe  the  other  tones  which  Hand  in  the  above  rela- 
tions to  it  3 fuch  being  found  fuiRciently  near  for 
pradiicc,  though  not  fo  perfectly  accurate  as  in  th.e 
feries  the  inftrument  is  formed  for. 

Tlie  notation  of  muhe,  and  tlie  relations  of  diffe-  l 
rent  fcales  to  each  other,  together  with  the  other 
particulars  on  which  the  rules  for  compofition 
and  accompanyment  depend,  require  too  copious 
iu.1  explanation  to  be  admitted  in  this  place. 


r . 
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CHAP.  V, 


A DESCRIPTION  OF  VARIOUS  INSTRUMENTS,  CON- 
SISTING CHIEFLY  OF  SUCH  AS  DEPEND  ON  THE 
PROPERTIES  OF  THE  AIR  FOR  THEIR  EFFECTS. 

'HE  mercury  in  the  Torricellian  tube  ftands 


A 3,t  the  height  of  about  thirty  inches,  by  means 
of  the  prcflure  of  the  air;  and  in  confidering  the 
phenomena  of  winds,  we  have  feen  that  this  pref- 
ilire  is  not  every  where  alike,  nor  always  the  fame 
at  any  particular  place.  In  confequence  of  this  ic 
happens,  thafthe  mercury  in  the  Torricellian  tube 
does  not  preferve  the  fame  invariable  altitude  ; for, 
when  the  air  at  any  place  is  denfe,  the  mercury 
ftands  at  a greater  height  than  when  it  becomes 
lighter  (32,  b)  : thus  the  tube  becomes  an  in- 
hiTiment  to  indicate  the  varying  weiglit  of  the 
atmofphere,  and  when  fixed  in  a proper  frame 
with  graduations  to  meafure  tlie  altitude  of  the 
mercury,  is  known  by  the  namie  of  the  barometer. 
The  variations  are  between  the  altitudes  of  274- 
and  301-  inches. 

The  heights  of  two  barometers  cannot  be  com- 
pared together  with  any  exadtnefs,  unlefs  they  be 
both  conftrudled  in  the  beff  manner.  The  fpecific 
gravity  of  the  included  mercury  ought  to  be  accu- 
rately found ; and  it  is  neceffary  to  boil  it  in  the 
tube,  for  the  purpofe  of  efiedlually  excluding  the 
air  apd  moiflure  from  within.  If  the  furface  of  the 
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mercury  expofed  to  the  air  be  larger  than  that  in 
the  tube,  and  this  laft  be  lefs  than  half  an  inch 
in  diameter,  the  mercury  will  not  rife  to  its  full 
height.  This  difference  ought  to  be  known,  and 
allowed  for  between  different  barometers. 

The  inftrument,  fig.  131.  is  ufed  under  the  o 
name  of  the  marine  barometer,  it  being  ufeful  at  fea, 
where  the  com.mon  barometer  is  of  little  fervice,  on 
account  of  the  fhip’s  motion,  which  caufes  the  mer- 
cury to  librate  up  and  down  in  the  tube.  But  as 
this  barometer  is  fubjebt  to  alteration,  on  account 
of  heat  and  cold,  as  well  as  on  account  of  change 
in  the  weight  of  the  air  j and  the  diflinguifhing 
the  effefts  of  each  is  attended  with  fome  little  trou- 
ble, it  is  not  much  in  ufe  on  fliore . 

There  are  many  contrivances  for  enlarging  the  p 
divifions  on  the  barometer,  fuch  as  inclining  the 
tube,  and  the  like  5 but  they  are  all  fubjedt  to  in- 
conveniences, Oil  account  of  friction,  which  the 
upright  barometer  is  free  from. 

An  inffrument  fimilar  to  the  marine  barometer 
W'as  formerly  made  ufe  of  to  indicate  the  varying 
temperature  of  the  weather.  For  the  marine  baro- 
meter is  alfo  a thermometer,  and  its  variations  being 
thus  occafioned  by  two  caufes,  prevent  its  being 
applied  to  either  purpofe.  The  thermometer,  or  in- 
flrument  ufed  to  exhibit  degrees  of  heat  and  cold  is 
therefore  conffrufled  by  the  ufe  of  other  fluids. 

The  property  of  expanfion  by  heat  not  being  r 
peculiar  to  air,  biit  common  to  all  bodies,  we  are  at 
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liberty  to  choofe  any  fubftance  In  nature  for  a ther- 
mometer. In  this  choice  it  is  required,  that  die 
body  made  ufe  of  fhould  be  fuch,  that  its  expanfions 
may  be  the  effedt  of  heat  alone,  that  they  may  be 
cafiiy  and  corredly  meafured,  and  that  the  body 
may  be  capable  of  performing  its  office  in  tempe  - 
ratures  very  diftant  from  each  other.  As  the  pref- 
flire  of  the  atmofphere  is  not  confiderable  enough  to 
alter  the  dimenfions  of  denfe  bodies  in  any  fen- 
lible  degree,  it  is  plain  that  their  mutations  will 
indicate  die  effedls  of  heat  alone,  and  confe- 
qucntly  they  muft  be  very  proper  for  the  matter 
of  thermometers : but  thefe  mutations  being  very 
fmali  in  proportion  to  the  wholp  bulk,  folid  bodies 
muft  be  inconvenient . for  the  purpofc,  on  account 
of  the  great  length  required  to  make  them  percep- 
tible ; but  in  fluids,  by  means  of  proper  veftels,  it 
will  be  eafy  to  render  the  leaft  alteration  viflbie  j 
for  if  the  neck  or  ftem  of  any  glafs-veflel  be  very 
fmali  in  proportion  to  the  contents  of  the  bulb  or 
bottle,  the  leaft  expanfion  of  the  included  liquor 
will  occafion  a viflbie  rife  in  the  neck.  Thus,  a b 
(fig.  134.)  reprefents  a giafs-tube,  whofe  end  a is 
blown  into  a ball ; this  ball,  and  part  of  the  tube, 
being  filled  with  quickfilver,  the  leaft  change  of 
the  bulk  of  the  quickfilver,  and  confequently  of  the 
temperature  of  the  circumambient  air,  or  contigu- 
ous bodies,  is  fliewn  by  a rife  or  fall  of  the  fur- 
face  in  the  tube ; the  quantity  of  which  is  indicated 
by  the  fcale  a b,  affixed  to  the  frame  of  the  inftru- 
ment. 
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Qulckfilver  is  the  bed  fluid  for  tliermometers,  t 
becaufe  it  is  not  fubjedi:  either  to  alter  its  expanfibi- 
iity,  or  to  foil  the  tube,  and  gives  befides  a very 
extenfive  fcale  of  divifions.  The  thermometer  ufed 
in  Britain  is  graduated  according  to  the  fcale  of 
die  celebrated  Fahrenheit.  There  are  i8o  divifions 
or  degrees  betv/een  die  freezing  and  boiling  water 
points;  the  freezing  point  being  reckoned  32*^ 
above  o,  or  the  commencement  of  the  fcale  *.  The 
degrees  are  counted  both  upwards  and  downwards 
from  o.  A good  thermometer  muft  poflefs  the 
following  properties.  The  upper  end  muft:  be  her- 
metically fealed,  and  the  em.pty  fpace  above  the 
quickfilver  muft:  contain  no  air,  or  at  moft:  very 
little.  This  circumftance  is  afcertained  by  holding 
the  inftrument  with  the  ball  uppermofl:  j in  which 
fituation  the  mercury  will  immediately  run  fo  as  to 
fill  the  whole  capacity  of  the  tube.  The  fcale  muft:  . 
be  well  adjuftied,  and  divided  according  to  the 
capacity  of  the  tube.  T'o  prove  this,  let  the  ther- 
mometer be  taken  from  its  fcale,  and  laid  in  fnow, 
.or  pounded  ice,  juft:  beginning  to  melt : it  fliould 
be  covered  nearly  as  high  as  the  freezing  point,  or 
32^  is  fuppofed  to  lie.  When  the  mercury  becomes 
ftationary,  mark  the  tube  with  the  edge  of  a knife 
where  it  ftands,  or,  if  there  be  a mark  ready  unade, 
as  there  commonly  is,  obfe-rve  whether  it  accurately 
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* Reaumur’s  fcale,  principally  ufed  by  the  French,  begins 
at  the  freezing  point,  and  proceeds  both  ways  from  o.  From 
freezing  to  boiling  water  is  80  degrees. 
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•agrees  with  the  fiirface  of  the  mercury  j if  it  doe*,, 
the  freezing  point  is  well  fettled.  Wrap  now  feveral 
folds  of  linen  ra^s  or  flannel  round  the  tube  of  the 
tiKjrmometer  nearly  as  high  as  the  fuppofed  boil- 
ing  point  j hold  the  ball  of  the  thermometer  in  the 
afcendine  current  of  boiling  rain-water  about  two 
or  three  inches  below  the  furface;  pour  boiling 
water  on  the  rags  three  or  four  times,  v/aiting  a 
few  ieconds  between  each  time,  and  wait  fome 
feconds  after  the  laft  time  of  pouring  on  water  be- 
fore the  boiling  point  is  marked  on  the  tube,  in 
order  that  the  water  may  recover  its  full  ftrength 
of  boiling,  which  is  confiderably  checked  by 
pouring  on  the  boiling  water.  This  lafl:  experi- 
ment mull  be  made  when  the  barometer  Hands  at 
29.8  inches.  The  adjuftment  of  the  flxed  points 
being  thus  afeertained,  fallen  the  thermometer  again 
to  its  fcale,  and  agitate  it  fo  as  to  break  or  divide 
the  thread  of  mercury  in  the  tube.  By  varioufly 
inclining  the  inllrumcnt  the  feparated  portion  of 
mercury  may  be  made  to  reft  in  different  parts  of 
the  tube,  and  its  length  obferved  on  the  fcale.  If 
its  leiigth  in  every  part  of  the  tube  correfponds  to 
the  fame  number  of  degrees,  tlie  fcale  is  w^ll 
divided.  This  laft  objedl  is  by  no  means  to  be 
negleded : for  it  feidom  happens  that  the  diameters 
of  thei  •mometer-tubes  are  fufliciently  regular  to 
admit  of  a fcale  divided  into  equal  parts.  Such 
a fcale  will  ufually  produce  an  error  of  upwards 
of  a degree  near  the  temperature  of  120^,  though 
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the  fixed  points  be  ever  fo  well  fettled;  and  in 
Ibnie  in  fiances  the  error  may  even  amount  to  four 
or  five  degrees. 

Thermometers  with  finall  bulbs,  and  tubes  in  u 
proportion,  are  the  moft  ufeiul.  For  a large  vo- 
lume of  mercury  requires  a confiderabie  time  to  be 
either  heated  or  cooled,  and  if  it  be  immerfed  in 
any  liquid,  it  will  change  the  temperature  of  the 
liquid  much  more  than  a fmaller  infiiaiment  would 
have  done,  and  ccnfequently  is  Ids  adapted  to 
fiiew  the  temperature  of  the  liquid  at  tire  time  of 
its  immerfion.  If  die  fcale  of  a thermometer  be 
of  a dark  colour,  and  the  thread  of  mercury  fmaU, 
its  fiation  will  be  rendered  more  difcernible  by  dip- 
ping a piece  of  white  paper  behind  the  tube. 

The  prelTure  of  the  atmofphere  on  the  outfide  of  v 
a thermometer  not  being  counteracted  by  the  fpring 
of  any  included  air,  is  exerted  in  diminilliing  the 
fize  of  the  bulb,  and  fuftains  the  mercury  fome- 
what  higher  than  it  would  Hand,  merely  by  reafon 
of  its  temperature.  This  is  proved  by  breaking 
off  the  fealed  end  of  the  tube ; in  confequcnce  of 
which  the  mercury  immediately  fidls.  This  quan- 
tity varies  with  the  weight  of  the  atmofphere,  but 
the  quantity  of  the  variation  can  feldom  amount  to 
more  than  the  tenth  part  of  a degree.  Thermome- 
ters with  Ipherical  bulbs  are  lefs  adled  on  by  the 
weight  of  the  atmofphere  than  others. 

If  the  bent  tube  ced  (fig.  135.)  be  filled  with  w 
water,  and  the  fhorter  leg  e c immerfed  in  tlie 
water  contained  in  the’ velfel  ab,  the  water  will 
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all  flow  out  at  the  aperture  d,  and  the  vefTel  will  Off 
emptied.  For  the  preffure  that  fupports  the  water 
in  the  leg  c e is  equal  to  the  weight  of  the  atmo- 
fphere,  and  is  counteraded  by  the  weight  of  the 
column  E c,  and  the  prelTure  that  fupports  the  water 
in  the  leg  d e is  the  fame  weight,  but  counteracted 
by  the  column  e d.  And  as  e d is  longer  than  e c, 
the  prelfure  of  the  atmofphere  on  d will  be  lefs 
effedual  than  that  on  cj  confequently  the  whole 
mafs  of  water  in  the  tube  will  move  towards  the 
orifice  d,  receding  from  the  greater  prelfure.  This 
infirument  is  called  a fyphon,  and  is  fometimes  ufed 
to  draw  liquors  out  of  calks  that  are  fo  placed  as 
not  conveniently  to  be  moved. 

A very  probable  account  of  the  caufe  of  intermit- 
ting fprings  may  be  given  on  the  principle  of  the 
fyphon.  For,  let  gfc  (fig.  136.)  reprefent  a ca- 
vity or  receptacle  in  the  bowels  of  a mountain, 
from  the  bottom  of  which  c,  proceeds  the  irregular 
cavity  or  fyphon  c e d : then,  if  by  l])rings  or 
other  wife  the  receptacle  begin  to  fill,  the  water 
will  at  the  fame  time  rife  in  the  leg  ce  of  the 
fyphon  till  it  has  attained  the  horizontal  level  h h :• 
when  it  will  begin  to  flow  out  by  means  of  the 
leg  E D,  and  will  continue  to  increafe  in  the  quan- 
tity difeharged,  as  die  water  rifes  Itill  higiier,  till 
at  length  the  fyphon  will  emit  a full  fleam,  and  by 
that  means  empty  the  receptacle.  At  this  period 
the  flream  will  ceafe,  till  the  receptacle  being  again 
filled,  will  again  exhibit  the  fame  appearance.  And 
thefe  periodical  returns  of  flood  and  celfation  will 
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be  regular,  If  the  filling  of  the  refervoir  be  fo ; but 
the  interval  of  the  returns  mud  depend  on  th« 
dimenfions  of  the  apparatus,  and  the  quantity  of 
water  furnifiied  by  the  fprings. 

The  aftlon  of  that  very  ufeful  iiiftrtiment  the  y 
common  pump,  depends  on  the  preflTure  of  the  atmo- 
fphere.  It  confifts  of  a pipe  c d (fig.  137.)  whofe 
lower  end  c is  immerfed  in  water : at  b is  fixed  a 
valve,  opening  upwards,  and  in  the  fiiperior  parr 
of  the  tube  is  worked  a piflion  a,  fitted  very  clofcly 
in  the  pipe  by  means  of  leather.  In  this  alfo  is  a 
valve  opening  upwards.  Now,  if  die  part  above  u 
be  filled  with  water,  to  render  the  whole  air-tight, 
the  pifton  a being  thrufi;  down  to  b,  and  afterwards 
raifed,  will  leave  a vacuum  or  void  fpace  between 
B and  A,  into  which  the  air  contained  in  the  lower 
part  of  the  pipe  c b,  will  expand  itfelf.  The  fprfng 
of  this  air  being  thus  weakened  by  the  expanfion, 
will  no  longer  counterpoife  the  effedl  of  the  prefliire 
of  the  atmolphere,  and  the  water  will  rife  in  the  tube 
till  the  equilibrium  is  reflored.  By  deprefiing  tlic 
pifton  A,  the  valve  b is  fuffered  to  clofe,  and  a part 
of  the  air  between  the  valve  and  pifton  efcapes 
through  A.  After  a few  ftrokes,  the  whole  of  the 
included  air  is  extra(5ted,  the  water  riles  through  the 
valve  b,  and  is  difeharged  by  the  pifton  a.  This 
operation  may  be  continued  at  pleafure.  But  if  z 
die  height  b c be  more  than  34  feet,  the  water 
will  not  rife  to  the  valve ; for  a column  of  frefh 
water  of  that  length  being  equal  to  the  weight  of 
the  atmofphere,  it  can  be  raifed  no  higher  by  that 
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v,'e’>ht.  *I1ius  it  happens  for  the  fame  reafon  that  the 
mercury  in  the  barometer  never  rifes  beyonci  a 
certain  height ; and  if  a pump,  finifhed  with  tire 
iitmofc  exadlnefs  on  the  pjinciple  here  deferibed, 
be  made  to  work  in  mercuiy,  It  will  not  raife  it 
beyond  that  height. 

I'he  iire-engine  a6ts  by  means  of  the  weight 
and  clalticity  of  the  air.  For  it  is  compofed  of 
two  barrels,  e and  o,  (fig-  138.)  in  each  of  which 
a foiid  pifeon  or  plunger  is  worked  by  means  of  a 
double  lever.  I'hefe  barrels  communicate  with 
the  water  by  a pipe,  not  expreffed  in  the  figure: 
they  alfo  communicate  with  the  ftrong  cylinder  or 
velfel  c c,  by  the  pipes  l and  t.  A.t  m and  k in 
the  barrels  are  valves  opening  upwards,  and  at  l 
and  T are  valves  which  open  towards  the  cylinder. 
In  the  figure,  the  pifton  in  d being  railed,  the 
water  ruflies  in  at  k,  while  that  in  e being  de- 
prefied,  forces  its  contents  'into  the  cylinder 
through  the  valve  t.  At  the  next  (Iroke  the  barrel- 
E raifes  the  water,  while  the  contents  of  the  barrel 
D are  forced  into  the  cylinder:  and  thus  die  alter- 
nate adlions  of  raifing  and  forcing  may  be  conti- 
nued at  pleafure.  Now,  the  water  being  forced 
into  the  cylinder,  comprefles  the  air  contained 
within  into  a'fmall  fpace;  and  this  air  reaFiing  on 
the  water,  drives  it  in  a continual  llrcam  through 
the  pipe  p 0 q^r,  which  may  be  direcled  as  ncceifity 
lliall  require. 

The  great  force  of  comprefied  air  is  fhewn  by 
many  experiments,  particularly  in  the  performance 
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the  wind-gun.  Fig.  139.  reprefents  a re6i:ion  of 
this  inftrument.  ak  is  the  barrel,  containing  a 
ball  at  K.  Tliis  barrel  is  contained  within  another 
larger  tube  core,  and  in  the  intermediate  cavity, 
the  air  is  compreffed  and  kept,  m n is  a cylindri- 
cal cavity  in  the  ftock  or  butt  end  of  the  piece,  in 
which  a pifton  v/orks,  for  the  piirpofe  of  forcing 
the  air  into  the  before-mentioned  cavity.  The  air 
is  prevented  fi'om  returning  by  die  fliut  or  valve 
p,  which  is  opened  by  the  air,  as  it  is  forced  in, 
but  at  other  times,  is  kept  fnut  by  the  fpring  of 
the  included  air.  At  l is  placed  another  valve, 
preflcd  ciofe  by  means  of  a fpring  on  the  orifice  of 
tlie  barrel,  to  prevent  the  air  from  efcaping.  A 
wire  pafling  through  a hole,  rendered  air-tight  by 
wet  and  greafy  leather,  , is  affixed  to  this  valve, 
and  appears  afterwards  at  o,  in  the ‘form  of  a trig- 
ger. When  the  trigger  is  drawn  back,  the  valve 
L opens,  and  the  air  ruffiing  out,  drives  the  ball 
with  a force  tliat  feems  not  much  lefs  thiin  if  it 
were  difcharged  from  a mufquet. 

A variety  of  curious  and  pleafing  fountains  may  c 
be  formed  by  the  help  of  the  properties  of  the  air 
combined  with  hydroftatical  principles.  The  fol- 
lowing is  one  of  the  fimplefl.  abcd  (fig.  140.)  is  a 
copper  vefiTel,  near  two-thirds  filled  with  water  : at 
JM  is  fcrewed  in  the  tube  ig,  the  jundion  being 
made  air-tight  by  means  of  wet  and  greafy  leather, 
and  in  the  upper  part  of  the  tube  is  fixed  a ftop- 
qock  II.  The  llop-cock  being  opened,  a forcing 
fyringe  is  fcreivcd  on  at  i,  and  a great  quantity  of 
^TL.  II,  G • air 
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air  injeflecl,  whence  the  air  in  the  cavity  ab^z 
being  very  much  condenfed,  prefies  on  the  furface 
of  the  included  water.  The  ftop-cock  being  thea 
fhut,  the  fyringe  is  removed,  and  an  adjutage 
ferewed  on  in  its  place;  through  which,  if  the 
Itop-cock  be  again  opened,  the  water  will  fpout 
forth  with  great  violence. 

Fig.  T41.  is  a drawing  of  a very  ingenious  foun- 
tain, whofe  conh:ru61:ion  wnll  be  better  underftood 
from  the  fedion  exhibited  in  fig.  142.  bc  is  an 
open  diHr,  or  veflel.  ‘ r s and  t u are  refervoirs  for 
w'atcr ; each  of  which  is  divided  into  two  by  the 
partitions  vi  and  x y.  The  tube  e f pafies  through 
without  communicating  with  the  upper  refervoir, 
and  ferves  to  convey  water  from  the  bafon  b c to 
the  part  tx-y  of  the  lower  refeiwoir.  I'lie  tube  ex 
forms  a communication  between  the  part  t x y of 
the  ic\¥er,  and  rvi  of  the  upper  refervoir.  -The 
tube  IK  forms  a communication  between  the  part 
R v I of  the  upper,  and  y x u of  the  lower  refervoir. 
And  the  tube  m l forms  a communication  between 
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the  part  yxu  of  the  lower,  and  ivs  of  the  upper 
rcfer\'oir.  Laftly,  tliere  are  openings  at  o n p to 
nil  or  evacuate  the  refervoirs,  and  an  adjutage  pipe 
D I communicating  with  the  part  i vs.  The  mode 
of  action  is  this : w'ater  being  poured  into  the  up- 
per refeiYoir  by  the  openings  o and  n,  the  foun- 
tain is  fet  upright,  the  openings  being  previoufly 
clofed,  and  alfo  the  adjutage  d.  I'he  bafon  b c 
mult  then  liave  water  poured  into  it  till  it  ceafcs 
to  run  down  the  pipe  ef.  In  this  ftate  the 
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• ‘fountain  may  be  faid  to  be  charged.  For  the 
water  that  has  palled  down  e f condenfes  the  air 
in  the  part  txy,  and  alfo  in  the  fiiperior  part 
R VI,  by  means  of  the  tube  of  communication  o h. 

In  the  fame  manner  the  water  palTes  from  the  up- 
per refervoir  down  the  tube  ik  into  the.  other 
lower  part  y x u,  and  condenfes  the  air  there  as  well 
as  in  the  other  upper  part  vis,  by  means  of  the 
pipe  of  communication  ml.  The  water  in  the 
upper  part  v i s is  therefore  prelTed  by  air  condenfed 
by  the  weight  of  the  column  ik,  and  alfo  of  the 
column  E F,  becaufe  i k is  in  effedl  prefled  by  this 
lall.  Open  the  adjutage  d,  and  the  water  will 
ilTue  out  and  rife  (2,0,  b)  to  nearly  the  height 
of  both  the  columns  ef  and  ik  together.  The 
Water  in  both  thofe  columns  mull  defcend,  but  gs 
the  tube  e f is  fupplied  by  the  falling  jet  that  if- 
fues  out  of  the  chamber  v i s,  while  the  tube  i k is 
fupplied  by  the  water  from  tJie  chamber  r v i,  the 
fountain  will  continue  to  play  till  the  upper  cham- 
bers vis  and  r v i have  refpeftively  emptied  them- 
felves  into  the  lower  chambers  txy  and  yxu. 

In  many  mechanical  engines,  where  the  force  ^ 
.of  an  elallic  fluid  is  required,  the  fteam  of  boiling 
water  is  made  ufe  of,  becaufe  it  is  eaflly  obtained, 
is  prodigioufly  elallic,  and  may  be  quickly  de- 
prived of  its  elallicity. 

The  firfl:  engine  we  have  any  account  of,  for  p 
raifing  water  by  the  force  of  Hearn,  was  conllrudled 
. %bout  a century  ago  upon  the  principle  of  the  fi- 
gure, (fig.  143.)  where  h reprefents  a copper 
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boiler  placed  on  a furnace,  e is  a ftrong  IroTf 
veflel  communicating  with  the  boiler  by  means  of 
a pipe  at  top,  and  with  the  main  pipe  ab,  by 
means  of  a pipe  i at  bottom,  ab  is  the  main  pipe 
immerfed  in  the  water  at  b.  d and  c are  two  fixed 
valves,  both  opening  upwards,  one  being  placed 
above,  and  the  other  below  the  pipe  of  commu- 
nication I.  Laftly,  at  G is  a cock  that  ferves  oc- 
calionally  to  wet  and  cool  the  vefiel  e,  by  water 
from  the  main  pipe,  and  f is  a cock  in  tlie  pipe 
of  communication  between  the  vefiel  e and  the 
boiler. 

The  engine  is  fet  to  work,  by  filling  the  cop- 
per in  part  with  water,  and  allb  the  upper  part  of 
the  main  pipe  above  the  valve  c,  the  fire  in  the 
furnace  being  lighted  at  the  fame  time.  When 
the  water  boils  ftrongly,  the  cock  f is  opened,  the 
lleamTufiies  into  the  vefiTei  e,  and  expels  the  air 
from  thence  through  the  valve  .c.  The  vefiel  e 
thus  filled,  and  violently  heated  by  the  fleam,  is 
fuddenly  cooled  by  the  water  w^hich  fails  on  it  upon 
turning  the  cock  g,  the  cock  f being  at  the  fame 
time  fiiut,  to  prevent  any  frefli  acceflion  of  fleam 
from  the  boiler.  In  confequence  of  this,  the  fteani 
in  E becoming  condenfed,  leaves  the  cavity  with- 
in almofl  intirely  vacuous : the  prefTure  of  the  at. 
mofphere  at  b,  therefore,  forces  the  w^ater  through 
the  valve  o till  the  vefTel  e is  nearly  filled.  The 
condenfing  cock  g is  then  flint,  and  the  fleam 
cock  F again  opened  j the  fleam  rufiiing  into^, 
expels  the  water  through  die  valve  c,  as  k before 
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i^id  the  air.  Thus  e becomes  agaixT  filled  with  hot 
fteam,  which  is  again  cooled  and  condenfed  by  the 
water  from  g,  the  fupply  of  fleam  being  cut  off 
by  fhiitting  f,  as  in  the  former  opt  ration  : the  wa- 
ter confequently  rufhes  through  d,  by  the  preffure 
of  the  atmofphere  at  b,  and  £ is  again  filled.  This 
water  is  forced  up  the  main  pipe  through  c,  by 
opening  f and  fliutting  g,  as  before.  It  is  eafy 
to  conceive,  tiiat  by  this  alternate  opening  and 
Ihutting.  the  cocks,  water  w'ill  be  continually 
raifed,  as  long  as  the  boiler  continues  to  fupply 
the  fleam. 

For  the  fake  of  perfpicuity,  the  drawing  is  di-  h 
vefled  of  the  apparatus  that  ferves  to  turn  the  two 
cocks  at  once,  and  of  the  contrivances  for  filling 
the  copper  to  the  proper  quantity.  The  engines 
of  this  conflrudlion  were  ufually  made  to  work  i 
with  two  receivers  or  fleam  veffels,  one  to  receive 
the  fleam,  while  the  other  was  raifing  water  by 
the  condenfation.  This  inflrument  has  been  fince 
improved,  by  admitting  the  end  of  the  condenfmg 
pipe  g into  the  veffel  i,  by  which  means  the 
fleam  is  more  fuddenly  and  effeflually  condenfed 
than  by  water  on  the  outfide  of  the  veffel. 

The  advantages  of  this  engine  are,  that  it  may  i 
be  erefted  in  almoft  any  fituation,  requires  but 
little  room,  and  is  fubjefl  to  very  little  friftion  in 
its  parts : its  difadvantages  arc,  that  great  part  of 
the  fleam  is  condenfed,  and  lofes  its  force  upon 
coming  into  contafl  with  the  water  in  -tl^  veffel  e, 
and  that  the  heat  and  elaflicity  of  the  fleam  muft 
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be  increafcd  in  proportion  to  the  height  the  watef 
is  required  to  be  raifed  to.  On  both  thefe  ac- 
counts a large  fire  is  required^  and  the  copper  muft 
be  very  ftrong,  when  the  height  is  conlidcrable, 
otherwife  there  is  danger  of  its  burfbing,  The  fol- 
lowing engine  is  much  to  be  preferred  when  the 
work  to  be  done  is  heavy,  and  is  lefs  chargeable 
in  fuel,  becaufe  it  a6ls  by  means  of  fleam  whofe 
denfity  is  not  much  greater  than  that  of  the  com- 
mon air, 

K.  In  fig.  144,  H reprefents  die  copper  boiler  on 
its  furnace,  e is  a cylindrical  veffel  of  iron,  in 
which  the  piflon  oo  moves  up  and  downj  the 
edges  of  the  piflon  being  armed  with  oakurh  and 
greafe,  render  the  whole  cavity  between  the  piflon 
and  the  bottom  of  the  cylinder  air-tight,  f is  a 
cock  to  admit  fleam  into  the  cylinder  from  the 
boiler,  i k is  a lever,  attached  to  the  piflon  at  i, 
and  at  k to  the  piflon  of  a pump  which  works 
on  that  fide.  PQ^is  a folid  piflon  moving  in  the 
pipe  RM,  and  loaded  with  a heavy  weight  at  p, 
ABC  is  the  main  pipe  that  receives  the  water  forced 
from  RM  through  a valve  c opening  outwards, 
N is  an  air-veffel  cornmunicatlng  with  the  main 
pipe.  D is  a valve  opening  upwards,  and  at  M 
is  the  water  to  be  raifed. 

T.  In  the  drawing,  the  engine  is  reprefented  in  the 
pofiticn  it  has  at  the  end  of  a forcing  flroke, 
which  is  likewife  its  pofition  when  at  reft,  Sup-? 
pofe  the  main  pipe  a b c to  be  filled  with  water, 
«iiid  the  water  in  tlie  copper  h to  boil  ftrongly, 
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The  cock  f being  then  opened,  tlie  fleam  ruflies 
into  the  cylinder,  and  being  much  lighter  than  the 
air,  rifes  to  the  top,  and  expels  the  air  through  a 
valve  in  the  bottom  of  the  cylinder.  This  being 
accompliflied,  f is  fhut,  and  tlie  cock  c commu- 
nicating with  the  main  pipe  is  opened,  which  imme- 
diately condenfes  the  fleam,  by  violently  fpouting 
cold  water  againfl  the  bottom  of  the  piflon.  A 
vacuum  being  thus  obtained,  the  prefTurc  of  the 
atmolphere  forces  the  piflon  down  to  the  bottom 
of  the  cylinder ; the  lever  i k is  moved  of  courfe, 
the  piflon  PQ_with  its  weight  is  raifed,  and  the 
water  afcends  in  the  pipe  m r upon  the  principle 
of  the  common  pump.  The  cock  c being  now 
llaut,  and  f opened,  the  fleam  enters  the  cylinder, 
and  countera6ls  the  prelTure  of  the  atmolphere  on 
the  piflon  oo.  In  confequence  of  this,  the  weight 
p prevails,  and  drives  down  the  piflon  r cl,  forcing 
the  water  through  the  valve  c into  the  main  pipe 
and  its  air  veffel.  The  ufe  of  the  air  veflel  is  to 
prevent  the  main  pipe  from  burfling  by  the  fudden 
entrance  of  the  water;  for  the  air  at  n being 
elallic,  gives  way  to  the  flroke,  and  its  reaflion 
during  the  time  of  elevating  the  piflon  p con- 
tinues the  motion  of  the  water,  fo  that  its  velocity 
is  no  more  than  half  what  it  would  have  been  if 
it  had  been  impelled  by  flarts,  and  relied  during 
the  raifmg  of  the  piflon.  By  opening  the  cock  g 
and  fhutting  f,  the  fleam  is  again  condenfed,  the 
prefTure  of  the  atmolphere  again  prevails,  and  thus 
the  work  may  be  continued  at  pleafure. 
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M In  this  drawing  likcwife,  the  mechanifni  is  omit- 
tedj  that  ferves  to  open  and  Ihut  the  cocks.  This 
office  is  performed  by  a beam  and  ropes  attached 
to  the  lever  i k j fo  that  the  attendance  required  is 
very  little  more  than  is  neceffary  to  fupply  the 
boiler  with  water,  and  to  prevent  the  fire  from 
going  out. 

N The  chief  advantage  of  this  engine  beyond  the 
former  is,  that  the  water  may  be  forced  to  any 
height  without  increafing  the  force  of  the  fleam, 
w'hich  never  need  be  much  greater  than  that  of  the 
atmofphere;  and  therefore  the  boiler  is  very  little 
endangered.  The  maximum  of  its  power  depends 
upon  the  area  of  the  pifton  o o j for  the  larger 
the  area,  the  greater  the  column  of  the  atmofphere 
that  preffes  it,  and  confcquently  the  heavier  the 
v/eight  p may  be.  If  oo  be  36  inches  in  diameter, 
it  will  be  preffed  by  a column  of  the  atmofphere 
equal  in  weight  to  a column  of  mercury  of  that 
diameter,  and  30  inches  in  height  j that  is  to  fay, 
almofl  7 ton. 

p But,  notwithftanding  the  great  flcill  and  con- 
trh^nce  difplayed  in  this  engine,  it  is  at  prefent 
almoif  entirely  fuperfeded  by  one  of  a much  better 
conflruclion,  invented  and  pcrfedled  by  Mefirs. 
Watt  and  Boulton,  of  Birmingham.  In  their  en- 
gine, infeead  of  the  pifton  c o being  depreffed  by 
iTicans  of  the  v/eight  of  the  atmofphere,  the  fteam 
is  thro^vn  upon  it,  the  upper  part  of  the  cylinder  e 
being  clofcd,  and  the  rod  l,  which  is  fmcoth  and 
polifhed,  being  admitted  through  a perforation, 

which 
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^hich  is  wadded  fo  as  to  be  air-tight.  The  afcent 
of  the  pifton  is  obtained  by  letting  the  fteam  out 
of  the  cylinder  into  a veffel  at  a confiderable  dif- 
tance,  where  it  meets  with,  and  is  condenfed  by  a 
jet  of  cold  water i while  a vacuum  is  conftantly 
maintained  in  the  lower  part  of  the  cylinder  by  the 
adtion  of  the  pump  that  carries  off  the  injedlion 
water.  The  force  of  fteam  employed  in  this  en- 
gine is  ufually  equal  to  one  atmoiphere  and  a 
quarter,  and  the  whole  apparatus  is  regularly 
worked  by  the  principal  lever  ik.  The  advantages 
of  this  co,nftru(5lion  are,  that  by  increafmg  the  force 
of  the  fteam  the  power  of  the  engine  may  be  in- 
creafed,  without  enlarging  the  diameter  of  the 
cylinder  j and  a lefs  expence  of  fteam  is  required 
on  account  of  the  condenfation  being  performed  at 
a diftance  from  the  cylinder,  which  is  not  there- 
fore cooled  by  the  injedion  of  the  cold  water.  ■' 
This  laft  circumftance  renders  the  engine  capable 
of  making  a greater  number  of  ftrokes  in  a mi- 
nute with  a much  lefs  expence  of  fuel  than  the  old 
engine.  In  fome  of  the  lateft  improved  engines 
the  aftion  of  the  ftearn  is  rendered  equal  on  the 
lever,  by  adapting  the  figure  of  the  arch  at  its  ex- 
tremity, fo  that  the  lever  is  in  effedt  rendered 
longer,  towards  the  end  of  the  ftroke,  where  the 
power  of  the  fteam  is  weaker. 

The  elafticity  of  the  air  affords  a method  of  p 
determining  the  depth  of  the  fea  in«  places  where 
a line  cannot  be  ufed.  Fig.  145.  is  a machine 
for  this  purpofe.  a reprefentg  a large  ball  of  fir 

or 
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or  other  light  wood,  varni.%^;  o^^§¥s>/to  prefervc 
it  from  the  elFefts  of  the  wafeggl  'ib  is  a hollow 
glafs  velTel,  whofe  contents  in  fea- water  are  exadtly 
known ; fuppofe,  for  inftance,  two  pounds : its 
neck  c terminates  in  a fmall  orifice,  and  is  bent 
downwards,  to  prevent  the  efcape  of  the  included 
air,  when  it  is  immerfed  in  water.  At  e is  a 
fpring-hook,  which,  if  at  liberty,  would  Hand  in 
the  pofition  e,  but  is  preffed  through  a flit  in  the 
ftem  at  the  bottom,  and  kept  to  its  place  by  hook- 
ing on  the  weight  d.  The  whole  inflrument  thus 
prepared  is  fuffered  to  fink  in  the  water.  And 
the  .confequence  is,  that  as  it  finks,  the  prefFure 
of  the  water  continually  increafing,  forces  its  way 
into  the  veffel,  and  condenfes  the  air  contained 
within ; but  when  it  arrives  at  the  bottom,  the 
weight  D ftriking  firft,  is  flopped,  while  the  red 
of  the  apparatus  proceeds  a little  onwards,  by  rea- 
fon  of  its  acquired  velocity.  The  hook  e being 
tlius  difengaged  from  the  weight,  flies  back,  and 
leaves  it  intirely,  fo  that  the  ball  a is  at  liberty  to 
rife  again  to  the  furface.  From  the  quantity  of 
water  contained  in  b at  its  emergence,  it  is  eafy 
to  determine  the  depth  it  has  defeended  to.  For, 
fince  the  denfity  of  air  is  as  the  comprefTing  weight, 
the  bulk  of  the  fame  quantity  of  air  under  dif- 
ferent prefllires,  mud  be  inverfely  as  the  w'eight. 
And  experiment  diews,  that  the  mean  weight  of 
die  atmofphere  is  equal  to  about  32  feet  of  fea- 
water:  therefore,  at  the  depth  of  32  feet,  the  air 
included  in  the  veffel  c will  fudain  the  preffure  of 
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two  atmofpheres,  and  -confequently  will  be  con- 
denfed  into  half  its  former  fpace ; at  64  feet  depth 
it  will  fuHain  the  preffure  of  three  atmofpheres,  and 
be  condenfed  into  one  third  of  its  firft  fpace,  and 
fo  forth.  Suppofe,  for  example,  an  empty  ball,  as 
above  deferibed,  capable  of  holding  two  pounds 
troy  of  fea-water,  were  to  defeend  to  an  unknown 
depth  in  the  fea,  and  at  its  return  was  found  to 
contain  i lb.  iioz.  iSdwts.  of  water,  it  is  re- 
quired to  find  the  depth  ? Then,  as  the  bulk  the 
air  was  compreffed  into,  when  at  the  bottom  of  the 
fea,  which  is  exprelTed  by  adwts.  Is  to  the  bulk 
of  the  air  before  immerfion,  exprefled  by  alb.  So 
is  the  weight  of  the  atmofphere,  by  ^vhich  the  air 
was  compreffed  before  immerfion,  which  is  ex- 
prefled by  32  feet  of  water.  To  the  weight  by 
which  the  air  was  comprefled  when  at  the  bottom 
of  the  fea,  3840  feet.  From  which  dediibl  32 
feet  for  the  preffure  of  the  atmolphere,  and  the 
remainder,  3808  feet,  indicates  the  depth  of  the 
fea. 

This  method  is  fubjedt  to  two  objeftions.  The 
firft:  is,  that  probably  the  fpecific  gravity  of  the 
fea  may  be  different  at  different  depths,  and  con- 
fequently the  preffures  may  not  be  as  the  depths : 
the  other  is,  that  air  in  very  great  condenfations 
does  not  ftridtly  follow  the  ratio  of  the  preffure, 
but  refifts  in  a greater  degree.  A careful  feries  of 
experiments  may  however  indicate  the  allowances 
neceffary  to  be  made  on  both  accounts,  and  in 
fmall  depths  the  inftrument  is  fufficiently  accurate 
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on  the  principle  already  laid  down.  ^ If  this  inllru-J 
ment  were  to  be  applied  to  .iv.eafiire  confiderable 
depths,  the  temperature  of  the  fubmarine  regions 
would  require  to  be  found  and  allowed  for. 

551  It  is  a well-known  .fadl,  that  an  empty  velTel, 
that  is  to  fay,  a vcffcl.  containing  air,  immerfed  in', 
water  with  the  mouth  downwards,  will  not  ’be- 
come filled,  became  the  fpring  of  the  air  will  pre- 
vent the  water  from  entering,  as  may  be  eafily  feen 
by  the  help  of  a wine-glafs.  The  diving-bell  is 
conftrudled  on  this  principle.  It  confifls  of  a large 
vefTel,  or  kind  of  calk,  fo  loaded  w’ith  lead  as  to 
fink  when  empty,  with  the  mouth  downwards.  In 
the  top  is  fixed  a cock  to  let  out  the  air,  and  a 
llrong  pane  of  glafs  to  afford  light  to  the  divers, 
who  fit  on  a circular  bench  in  the  infide.  This 
'machine  is  lowered  into  the  water  about  twelve 
feet  at  a time,  and  at  each  paufe  air  is  fent  down 
in  fimaller  bells  to  the  divei's,  and  by  them  received 
into  the  cavity  of  the  great  bell,  for  the  purpofe 
of  expelling  tiie  water  that  enters  as  die  preffure 
condenfes  the  included  air.  After  it  has  arrived 
at‘  the  bottom  of  the  fea,  the  operators  continue 
by  the  fame  means  to  replenifli  the  air  which  be- 
comes foul  by  breathing,  fuffering  the  impure  air 
to  efcape  by  the  cock  in  the  upper  part,  as  they 
receive  frefh  air  by  the  barrels  or  fmall  bells ; fo 
tliat  by  this  contrivance  they  can  remain  under 
water  as  long  as  they  pleafe, 
s The  air-balloon  is  of  two  kinds ; the  one  in- 
tended to  contain  heated  air,  and  the  other  in- 
flammable 
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fiammable  ajj.  Hot  air  occupies  more  fpace  when 
colder  (54,  inflammable  air  is  much 

lighter  at  a giv®^^if<^mperature  than  the  common 
air  of  the  atmofphere.  From  this  it  follows, 
that  any  mafs  of  either  heated  or  inflammable 
air,  if  at  liberty,  will  afcend  in  the  atmolpherc 
with  a force  of  buoyancy  equal  to  the  diffe- 
rence between  its  own  weight  and  the  weight  of 
an  equal  bulk  of  common  air  (9,  b).  If  the 
heated  or  the  inflammable  air  be  included  in  a bag, 
and  the  weight  of  the  bag  be  lefs  than  the  dif- 
ference juft  mentioned,  the  bag  will  be  carried  up- 
wards, though  with  a lefs  degree  of  force,  namely, 
with  a force  equal  to  the  difference  leffened  by  the 
weight  of  the  bag.  This  is  commonly  called  an 
air-balloon  ; which,  though  its  figure  is  not  effen- 
tial  to  its  property  of  afcend ing,  we  will  fuppofe 
to  be  a globe.  If  the  magnitude  of  a balloon  be 
increafed,  its  power  of  afcenfion,  or  the  difference 
between  the  weight  of  the  included  air  and  an 
equal  bulk  of  common  air  will  be  augmented  in 
the  fame  proportion  j that  is  to  fay,  in  proportion 
to  the  cube  of  its  diameter.  But  the  weight  of 
the  covering  or  bag  will  not  be  increafed  in  {o 
great  a proportion.  For  its  thicknefs  being  fup- 
pofed  the  fame,  it  is  as  the  furface  it  covers,  or 
only  as  the  fquare  of  the  diameter.  This  circum- 
ftance  is  the  caufe  why . balloons  cannot  be  made 
to  afcend,  if  under  a given  magnitude,  with  cloth 
or  materials  of  the  fame  thicknefs. 
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V Fig.  146.  reprefents  tlie  balloon  firft  invented* 
It  confifts  of  an  inimenfe  bag  of  canvas,  or  other 
cloth,  painted  with  a compofition  that  may  lelTen 
its  fufceptibility  to  take  fire.  A net  covers  the 
upper  part  of  its  furface,  from  which  proceed' 
ropes  that  fuftain  a gallery  to  carry  the  adventurers 
and  fuel.  The  lower  part  is  affixed  to  the  gal- 
lery, and  open  to  receive  the  ftreams  of  heated  and 
rarefied  air,  produced  by  means  of  fire  maintained 
in  an  iron  grate,  fufpended  in  ithe  middle  of  the 
orifice.  The  firft  inflation  of  the  balloon  is  ef- 
fedted  by  means  of  a fire  made  in  a proper  appara- 
tus on  the  ground,  and  the  attached  grate  ferves 
only  to  maintain  the  requifite  degree  of  rarefac- 
tion, by  furnifhing  a fupply  of  heated  air  in  the 
room  of  that  which  is  gradually  condenfed  by  cool- 
ing. It  is  afcertained  from  experiment,  tliat  the 
rarity  of  the  air  in  thefe  machines  depends  folely 
on  its  heat  and  its  property  of  cooling  (lowly;  and 
it  is  likewife  eftablifhed  with  a confiderable  degree 
of  certainty,  that  the  weight  of  the  included  air 
is  at  a medium,  about  two  thirds  of  the  weight 
of  an  equal  bulk  of  the  air  of  the  atmofphere. 

'^This  balloon  is  raifed  or  lowered  while  in  the  at- 
mofphere, by  increafmg  or  diminifhing  the  fire. 

V Small  balloons  of  thin  paper,  raifed  on  this 
principle  by  the  flame  of  a fponge,  or  ball  of 
cotton  dipped  in  fpirits  of  wine,  have  been  exhi- 
bited in  every  part  of  Europe. 

w The  inflammable  air-balloon,  fig.  147,  is  pre- 
ferable to  the  other,  in  the  prefent  early  ftate  of 


our 


INFLAMMABLE  AIR  BALLOON. 


9$ 

our  knowledge.  It  is  ufually  formed  of  thin  filk 
varnifhed  over.  When  filled  with  inflammabl-e 
air,  its  tube  of  communication  a is  ufually  clofed, 
fo  that  the  air  is  prevented  from  efcaping.  The 
adventurers  are  placed  in  a car  or  fmall  veflel  b, 
attached  to  the  balloon  by  firings,  proceeding  from 
a net  that  covers  its  upper  part.  They  cany  bags 
of  fand  with  them  to  ferve  as  ballafi,  and  the  end 
of  the  tube,  of  communication,  as  well  as  a firing 
that  by  pulling  may  open  a valve  in  the  top  of  the 
balloon,  are  continued  down  into  the  car.  By 
thofe  means  they  have,  for  a limited  time,  the 
power  of  afcending  or  defcending  at  pleafure. 
For  the  power  of  afcenfion  is  increafid  by  emp- 
tying one  or  more  fand-bags,  or  diminilhed 
by  fuffering  the  inflammable  air  to  efcape  either 
by  the  tube  or  through  the  valve.  It  may  be  ob- 
ferved,  that  the  inflammable  air,  on  account  of  its 
greater  lightnefs,  will  not  defcend  through  the  tube 
of  communication,  unlefs  either  by  its  own  ex- 
panfion  from  heat,  or  by  the  diminilhed  prefiure  of 
the  atmofphere  at  great  heights,  it  is  made  to 
cfcape  while  the  balloon  is  fully  inflated  j but  it 
will  ifliie  from  the  upper  valve,  when  open,  in  all 
circumfiances  whatever. 

The  inflammable  air  produced  in  the  large  way, 
by  the  affufion  of  diluted  vitriolic  acid,  or  iron 
fhavings  or  turnings,  is  rather  lefs  than  one  fifth 
of  the  weight  of  an  equal  bulk  of  atmolpherical 
air.  It  is  eftimated  that  a cubic  inch  of  iron  gives 
a cubic  foot  of  inflammable  air,  and  the  firong 

vitriolic 
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vitriolic  acid,  fold  in  London,  requires  to  be  dL 
luted  by  five  times  its  bulk  of  water,  for  this  ex- 
periment. 

y To  give  at  pleafure  a progrcfllve  motion  to  air^** 
balloons,  in  any  required  diredtion,  is  a problem 
of  great  importance  in  this  newly  difcovered  art 
of  penetrating  into  the  fuperior  regions  of  the  at- 
mofphere.  Many  wild  and  abfurd  fchemes  for 
tHis  purpofe  have  been  offered  to  the  confideration 
of  the  public ; and  fome  that  have  been  carried 
into  effedt  have  lerved  only  to  evince  tlie  ignorance 
or  the  artful  quackery  of  their  projedlors.  Little 
however  of  real  value  has  been  yet  done  towards 
accomplifhing  this  purpofe.  The  grand  difficulty 
of  the  attempt  confifls  in  the  large  furface  of  re-  - 
fiftance  expofed  to  the  furrounding  fluid,  which 
has  hitherto  been  fuch,  that  the  quantity  of  air 
required  to  be  difplaced  is  fo  great,  that  the 
llrength  of  the  voyagers  cannot  difplace  it  with 
any  confiderable  velocity ; that  is  to-  fay,  when 
they  have  given  a fmall  degree  of  velocity  to  the 
machine,  the  refiltance  of  the  air  becomes  fuch, 
that  their  whole  ftrength  will  be  employed  in  over- 

z coming  it,  inftead  of  adding  to  the  velocity.  The 
principal  object  theicfore  rnufl  be,  to  conftrudt 
the  balloon  of  fuch  a figure  as  that  it  may  move 
through  the  air  without  difplacing  any  confiderable 
quantity  of  it.  As  to  the  application  of  the  ftrength, 
it  may  be  done  by  a variety  of  methods.  It  is  re- 
quired that  it  fliould  be  exerted  on  the  air  in  the 
oppofite  direction  to  that  intended  to  be  produced 
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jn  the  balloon,  and  as  no  mechanifm  can  beftow  or 
create  ftrength  (i.  73,  e)  the  fimpleft  machine  will 
be  the  bell,’  becaufe  the  lofs  by  friflion  will  then  be 
leaft. 

The  ufes  to  whicli  machines  of  this  kind  may  be 
applied  are  numerous,  and  will  eafily  occur  to  any 
ingenious  perfon.  It  will  probably  be  long  before 
the  experiment  will  be  performed  in  a fufficiently 
cheap  way  to  admit  of  its  being  applied  to  the  ordi- 
nary purpofes  of  travellers.  Its  ufe  on  extraordi- 
nary occafions,  for  the  conveyance  of  intelligence 
in  military  operations  j for  penetrating  into  places 
inaccefllble  by  other  means  j or,  for  making  philo- 
fophical  obfervations  on  the  fuperior  regions  of  the 
atmofphere,  are  fufficiently  obvious.  We  cannot, 
however,  boaft  of  any  addition  having  been  made 
to  the  flock  of  atmofpherical  knowledge,  though 
very  many  aerial  voyages  have  been  performed. 
The  probable  caufes  of  this  are,  that  the  balloons 
have  feldom  afcended  above  two  miles  high ; that 
the  novelty  and  grandeur  of  the  fcene  beheld  from 
a balloon  has  prevented  a flridl  attention  to  the 
phenomena  that  may  have  prefented  themfelves ; 
and  more  efpecially,  that  moffc  of  the  experiments 
Vere  performed  by  ignorant  and  mercenary  imita- 
tors, who  have  been  much  more  defirous  of  takins 
the  advantage  of  the  furprize  and  credulity  of  the 
vulgar,  than  of  making  valuable  obfervations,  or 
relating  them  with  fidelity. 

The  invention  of  the  heated  air-balloon  is  the 
undoubted  right  of  the  brothers,  Meffrs,  Stephen 
VoL,  II.  H and 
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and  John  Mongoifier,  who  made  the  firft  experi- 
ment at  Avignon  in  November,  1782.  The  firft 
balloon  raifed  in  the  atrf  ofphere  by  means  of  in- 
fiam.mable  air,  was  conftrufted  by  public  fab-! 
fcription,  opened  by  M.  Faujas  St.  Fond  at 
Paris.  Meffrs.  Roberts  were  appointed  to  conflru(5t 
the  machine,  ana  M.  Charles  to  fuperintend  the 
work.  It  was  launched  from'  the  Champ  de  Mars 
Augufl  27,  1783.  The  firft  human  being  that 
afeended  into  the  air  by  means  of  an  air-balloon  was 
M.  Pilatre  de  Rozier.  Pde  was  afterwards  accom- 
panied by  M.  Girond  de  Vilette,  and  afterwards  by 
the  Marquis  d’Arlandes.  The  balloon  ufed  in 
thefe  experiments  rofe  by  heated  air,  and  was  con- 
ftrufted  by  John  Mongolfier  at  Paris.  It  was  pre- 
vented from  efcaping  by  ropes.  The  firft  aerial 
voyage  was  performed  with  the  fame  balloon  by 
M.  Pilatre  de  Rozier  and  the  Marquis  d’Arlandes, 
who  paiTed  over  the  city  of  Paris  November  21 
1783.  The  firft  aerial  voyage  with  a balloon  filled 
with  inflammable  air  was  made  by  MefTrs.  Charles 
and  Robert  from  Paris  December  i,  1783.  They 
were  carried  about  twenty-feven  miles  in  one  hour 
and  three  quarters.  The  great  rarity  of  inflam- 
mable air  was  firft  afeertained  (in  1766)  by  Mr. 
Cavendifh,  and  the  idea  of  its  application  to  the 
purpofe  of  floating  a bag  in  the  atmofphere  was 
explained  by  Dr.  Black  in  his  ledlures  next  Follow- 
ing that  period.  Several  philofophers  made  atterhpts 
to  carry  this  into  effedt  previous  to  June  1782,  and 
fucceeded  fo  far  as  to  inflate  foap-bubbles  with 

inflai-n- 
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•inflammable  air,  which  rapidly  afcended  to  the  ceil- 
ing of  the  room.  But  it  is  to  the  philofophic  Ipirit 
and  liberality  of  our  neighbours  the  French  that  we 
are  indebted  for  this  experiment  being  completely 
performed  in  the  large  way,  without  whole  encou- 
ragement it  might  probably  have  long  remained 
nothing  more  than  a happy  thought 

On  the  14th  of  June,  1785,  the  intrepid  and  in- 
genious Piiatre  de  Rozier  fell  a vidlim  to  the  new 
art  in  which  he  was  the  firft  adventurer.  He  at- 
tempted to  crofs  the  Britilli  channel  in  company 
with  a gentleman,  whofe  name  was  Romain.  His 
balloon  confided  of  two  parts ; the  upper  contained 
inflammable  air,  and  the  lower  part  was  a balloon 
for  heated  air.  „By  this  ingenious  addition  it  was 
expedted,  that  a power  of  afcending  or  defcending 
at  pleafure,  v/ithout  lofs  either  of  ballad  or  of  in- 
flammable air,  would  have  been  obtained.  When 
the  unfortunate  travellers  were  at  the  edimate  height 
of  about  fix  thoufand  toifes,  the  upper  balloon  took 
fire  near  the  top,  and  burd.  The  apparatus  iinme- 
diately  fell  to  the  ground.  Piiatre  de  Rozier  fird 
came  to  the  earth : no  figns  of  life  were  perceived 
in  him,  but  his  companion  is  faid  to  have  uttered 
an  exclamation  before  he  expired. 

This  much  lamented  event  is  fuppofed  to  have 
arifen  either  from  the  eledlricity  of  the  clouds 
fetting  fire  to  the  dream  of  inflammable  air  that 

* For  a further  account  of  this  fubjeft,  the  Englifh  reader 
may  have  recourfe  to  Cavallo’s  Fliftory  and  Practice  of  Aero- 
ftation. 
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iffued  from  the  upper  valve,  or  from  the  inflam- 
mable air  that  efcaped,  forming  a train  of  commu- 
nication between  the  upper  balloon  and  the  fire  be- 
neath, which  in  its  afcent  was  continually  brought 
into  the  place  before  occupied  by  the  balloon. 
Th  is  laft;  opinion  is  rendered  mofl;  probable,  from 
the  agitation  and  apparent  diftrefs  obferved  in  the 
travellers  a fiiort  time  before  the  cataftrophe.  They 
had  prudently  lowered  the  ftove  before  Pilatre  dc 
Rozier  opened  the  upper  valve.  The  efflux  of  in- 
flammable air  occafioned  by  this  laft  manoeuvre 
was  probably  the  immediate  cayfe  of  their  dcftruC'* 
tion  *. 


I CHAP.  VI. 

i 

t 

OF  THE  AIR-PUMP,  AND  ITS  USES,' 

p E air-pump  is  one  of  the  moft  ufeful  of  aU 

X philofophical  inftruments,  whofe  aftions  de- 
pend on  the  properties  of  the  air.  By  the  help  of 
this  machine,  all  that  has  been  Ihewn  concerning 
the  weight  and  elafticity  of  the  air,  is  demonftrated 
in  the  moft  fimple  and  elegant  manner.  Its  con- 
ftruftion  is  as  follows : e f g h (fig,  148.)  is  a fquarc 
table  of  -yvood,  a a are  two  ftrong  barrels  or  tubes 
of  brafs,  firmly  retained  in  their  pofition  by  the 
piece  T T,  which  is  prelTed  on  them  by  fcrews  o o, 
fixed  on  the  tops  of  the  brafs  pillars  n n.  Thefe 
barrels  communicate  with  a cavity  in  the  lower  part 

• See  the  Courier  de  I’Europe  for  July  i,  1785. 
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D.  At  the  bottom  within  each  barrel  is  fixed  a 
valve,  opening  upwards,  and  in  each  a pifton  works, 
having  a valve  likewife  opening  upwards*  The  pif- 
tons  are  moved  by  a cog-wheel  in  the  piece  t t,  turn- 
ed by  the  handle  b,  and  whofe  teeth  catch  in  the  racks 
of  the  piftons  c c.  p ci_R  is  a circular  brafs-plate^ 
having  near  its  center  the  orifice  k of  a concealed 
pipe,  that  communicates ‘with  the  cavity  j in  the 
piece  D at  V is  a ferew  that  clofes  the  orifice  of  an- 
other pipe,  for  the  purpofe  of  admitting  the  exter- 
ternal  air  when  required.  l m is  a glafs-receiver, 
out  of  which  the  air  is  to  be  exhaufted.  It  is  placed 
on  the  plate  p ct.R,  firft  covered  with  a wet  Iheep- 
Ikin,  or  fmeared  with  wax,  to  prevent  the  air 
from  infinuating  under  the  edge  of  the  glafs. 

When  the  handle  b is  turned,  one  of  the  piftons 
is  raifed,  and  the  other  deprefifed  j a void  fpace  is 
confequently  left  between  the  raifed  pifton  and  the 
lower  valve  in  the  correlpondent  barrel : the  air 
contained  in  the  receiver  l m,  communicating  with 
the  barrel  by  the  orifice  k,  immediately  raifes  the 
lower  valve  by  its  Ipring,  and  expands  into  the 
^ void  fpace  j and  thus  a part  of  the  air  in  the  -re- 
ceiver is  extracted.  The  handle  then  being  turned 
the  contrary  way,  raifes  the  other  pifton,  and  per- 
forms the  fame  a6t  in  its  correfpondent  barrel ; 
while,  in  the  mean  time,  the  firft  mentioned  pif- 
ton being  deprelTed,  the  air,  by  its  fpring,  clofes 
the  lower  valve,  and,  raifing  the  valve  in  the 
pifton,  makes  its  efcape.  The  motion'-  of  the 
handle  being  again  feverfed,  the  firft  barrel  again 
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cxiiaufts  while  the  fecoiid  difcharges  the  air  m 
its  turn : and  thus,  during  the  time  the  pump  is 
worked,  one  barrel  exhaufts  the  air  from  the 
receiver,  while  the  other  difcharges  it  through  the 
valve  in  its  pifton. 

B Hence  it  is  evident,  ‘that  the  vacuum  in  the 
receiver  of  the  air-pump  can  never  be  perfedb ; 
that  is,  the  air  can  never  be  entirely  exhaufted: 
for  it  is  the  fpring  of  the  air  in  the  receiver  that 
raifes  the  valve,  and  forces  air  into  the  barrel,  and 
the  barrel  at  each  exfiidlion  can  only  take  away  a 
certain  part  of  the  remaining  air,  which  is  in  pro- 
portion to  the  quantity  before  the  ftreke,  as  the 
capacity  of  the  barrel  is  to  that  of  the  barrel  and 
receiver  added  into  one  fum. 

I This,  however,  is  an  imperfection  that  is  fel- 
dom,  if  ever,  of  any  confequence  in  praCtice,  be- 
caufe  all  air-pumps,  at  a certain  period  of  th-c 
exhauflion,  ceafe  to  aCt,  on  account  of  their  im per- 
fect conftruCtion.  For  the  valves  ufually  confilt  of 
a piece  of  oiled  bladder  tied  over  a hole,  fo  that 
the  air  is  at  liberty  to  pafs  by  lifting  up  the  bladder, 
but  cannot  return  again,  and  there  will  unavoidably 
be  a fmall  fpace  left  between  the  lower  valve  and  the 
pifton  v/lien  down.  Now,  it  will  happen,  when  the 
air  in  die  receiver  is  very  rare,  that  its  fpring  will 
not  be  ftreng  enough  to  overcome  the  adhefion  of 
the  bladder  forming,  the  lower  valve,  which,-  con- 
fequently,  will  remain  fiiut,  and  the  exhauflion 
cannot  proceed.  Or,  before  this  period,  it  may 
happen,  that  the  air  between  the  valves  when  the 

pifton 


AND  THEIR  REMEDIES; 


103 

pifton  is  up  may  be  fo  fmall  as  to  lie  in  the  fpace 
between  the  two  valves  when  the  pifton  is  down^ 
without  being  lufficiently  condenfed  for  its  fpring  to 
overcome  the  adhefion'of  the  bladder  foj  minsf  the 

O 

upper  valve,  and  the  weight  of  the  atmofphere  that 
prefles  it ; in  this  cafe  the  upper  valve  will  remain 
Ihut,  and  the  exhauftion  cannot  proceed.  In  the 
beft  air-pumps  thefe  imperfedtions  are  in  a great 
degree  removed.  For  the  adhefion  of  the  bladders 
is  much  diminifhed,  and  the  a6tion  of  the  air  upon 
them  increafed,  by  fubfticuting  a number  of  large 
holes  of  paftage,  inftead  of  one  fmaller.  By  cauf- 
ing  the  rod  of  the  pifton  to  pafs  through  a collar 
of  leathers,  fcrewed  to  the  upper  part  of  the  barrel^ 
and  placing  another  valve  for  the  paftage  of  the 
extruded  air,  the  preffure  of  the  atmofphere  is  pre- 
vented from  afting  on  the  pifton,  fo  that  tlie  whole 
fpring  of  the  air  between  the  pifton  and  Iow:er  valve 
is  exerted  in  overcoming  the  refiftance  afforded  by 
the  valve  of  the  pifton.  There  are  alfo  contrivances 
for  opening  a communication  between  the  receiver 
and  the  barrel,  without  depending  on  the  fpring 
of  the  air.  One  of  the  beft  of  thefe  conftfts  in  an 
additional  piece  that  lifts  the  lower  valve  v/hen  a 
lever  is  preffed  with  the  foot : the  lever  com- 
municates with  the  interior  piece  by  means  of  a 
rod  that  paftfes  through  a collar  of  leathers  at  the 
lower  end  of  the  barrel  *.  The  beft  fort  of  air- 
pumps  are  ufually  made  with  a fmgie  barrel. 

* I'his  is  the  invention  of  one  Haas,  a workman  in 

London,  who  has  taken  out  a patent  for  it. 
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T In  meafuring  the  exhauftion  there  are  two  me- 
thods of  proceeding.  The  one  fliews  the  denfity  of 
the  air  left  in  the  receiver,  without  regarding 
fucli  vapours  as  may  alTume  an  elaftic  form  in 
the  vacuum ; the  other  exhibits  the  fpring  of  the 
elaftic  fluid  in  the  receiver,  without  fhewing  whe- 
ther it  be  permanently  elaftic  air.  The  quantity" 
of  air  is  ftiewn  by  an  inftrument  called  the  pear- 
gage.  It  confifts  of  a glafs-veflTel  in  the  form  of  a 
pear,  with  graduations  near  its  upper  end,  that 
denote  certain  known  parts  of  its  bulk.  This  is 
included  in  the  receiver,  together  with  a veflel  of 
mercury,  into  which  its  mouth  may  be  occafionally 
plunged.  When  the  exhauftion  is  made,  the  pear- 
gage  is  plunged  into  the  mercury,  and  the  external 
air  admitted  into  the  receiver.  The  mercury  rifes 
in  the  gage,  and  occupies  the  whole  of  its  cavity, 
except  a fpace  at  top,  pofleflfed  by  a bubble  of  air, 
whofe  magnitude  is  known  from  the  graduations,  and 
is  in  proportion  to  the  whole  contents  of  the  gage, 
as  the  quantity  of  air  in  the  exhaufted  receiver  is  to 
an  equal  volume  of  the  common  atmofpherical 
air. 

G This  gage  would  be  accurate  for  all  purpofes,  if  it 
were  not  that  moft  fluid  or  moift  fubftances  aflume 
an  elaftic  form  when  tlie  preflTure  of  the  atmofphere 
is  removed.  For  this  reafon  it  feldom  indicates  the 
elafuicity  or  aftual  preflTure  of  the  fluid  remaining  in 
the  receiver.  The  barometer  gage  is  ufed  for  this 
purpole.  If  a barometer  be  included  beneath  a 
receiver,  the  mercury  will  ftand  at  the  fame  height 
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as  in  the  open  ait  j but  when  the  receiver  begins  to 
be  exhaufted,  the  mercury  will  defcend,  and  reft  at  a 
height  which  is  in  proportion  to  its  former  height 
as  the  fpring  of  the  remaining  air  is  to  its  origi- 
nal Ipring  before  the  exhauftion.  It  is  ufual  to  fay, 
the  air  is  as  many  times  rarer  than  the  atmolphere, 
as  the  column  it  fuftains  is  left  than  the  height  the 
mercury  ftands  at  in  a detached  barometer.  On 
account  of  the  incohvehlence  of  including  a barome- 
ter in  a receiver,  a tube  of  fix  or  eight  inches  length 
is  filled  with  mercury,  and  inverted  in  the  fame  man- 
ner as  the  barometer.  This  being  included,  anfwers 
the  fame  purpofe,  with  no  other  difference  than  that 
tlie  mercury  does  not  begin  to  defcend  till  about 
three-fourths  of  the  air  is  exhaufted.  It  is  called 
the  ftiort  barometer  gage.  Others  place  a tube,  of  a 
greater  length  than  the  barometer,  with  its  lower 
end  in  a veffel  of  mercury,  while  its  upper  end  com- 
municates with  die  receiver.  Here  the  mercury 
rifes  as  the  exhaufticn  proceeds,  and  the  preffure  of 
the  remaining  air  is  fhewn  by  the  difference  be- 
tween its  height  and  that  of  the  barometer.  This 
is  called  the  long  barometer  gage. 

Thefe  gages  are  not  often  conftrufled  fb  as  to  n 
anfwer  the  purpofe  of  ftiewing  the  degree  of  ex- 
hauftion to  a great  degree.  For  the  mercury, 
though  at  firft  boiled,  to  clear,  it  of  the  air  and 
moifture  that  adhere  to  it,  and  render  it  fenfibly 
lighter,  gradually  becomes  again  contaminated  by 
expofure  to  the  air  in  the  bafon  of  either  gage. 
They  cannot  therefore  with  ftridneft  be  compared 

with 
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with  a good  barometer  in  which  this  docs  not 
happen.  If  the  tubes  of  the  gages  be  lefs  than 
half  an  inch  in  diameter,  the  mercur)^  will  be 
fenfibly  repelled  downwards,  fo  as  to  require  a 
correftion  for  the  long  gage  when  compared  with 
a barometer,  whofe  tube  is  of  a different  bore,  and 
to  render  the  fliort  gage  ufelefs  in  great  exhauf- 
tions.  Thus,  for  example,  if  the  fliort  gage  have 
a tube  of  one-tenth  of  an  inch  in  diameter,  the 
mercury  will  fall  to  the  level  of  the  bafon  when 
the  exhauftion  is  150  times,  and  will  ftand  below 
the  level  for  all  greater  degrees  of  rarefaeftion^ 
Thefe  difficulties  may  all  be  removed,  by  making 
the  ffiort  gage  in  the  form  of  an  inverted  fyphon, 
with  one  leg  open,  and  the  other  hermetically 
fealed.  It  muft  be  confefled,  however,  that  it  is 
not  eafy  to  boil  the  mercury  in  thefe  j and  the  me- 
thod of  doing  it  with  fuccefs  cannot,  with  fufficient 
concifenefs,  be  deferibed  here. 

j Few  air-pumps  exhauft  to  fo  great  a degree  as 
one  thoufand  times  by  the  barometer  gage ; but  the 
pear-gage  in  fome  circumftances  will  indicate  an 
exhauflion  of  many  thoufand  times. 

K Several  of  the  ufes  of  the  air-pump  have  already 
been  mentioned.  The  weight  of  die  air  is  ffiewn 
by  exhaufting  it  out  of  a bottle  (30,  x)  and  its 
prelTure  is  proved  to  be  the  caufe  of  the  afeent  of 
the  mercury  in  the  barometer,  becaufe  in  the  va- 
cuum it  is  no  longer  fuftained.  It  will  be  proper 
to  fubjoin  a few  more  inftances. 


If 
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If  a fquare  bottle,  in  whofe  neck  is  fixed  a valve,  i. 
opening  outwards,  be  placed  under  the  receiver, 
and  the  air  exhaufted,  the  bottle  will  be  cruflied 
to  pieces  by  the  weight  of  the  atmofphere  when  the 
air  is  permitted  to  return  into  the  receiver.  For 
the  air  is  prevented  from  entering  the  bottle  by  the 
valve,  which,  before  the  exhauftion,  fuftained  the 
preflure  of  the  atmofphere  on  its  external  furface, 
by  means  of  the  fpring  of  the  included  air  acting 
equally  on  the  internal  furface ; but  in  this  experi^ 
ment,  being  deprived  of  its  internal  air,  it  is  in- 
capable of  bearing  the  weight  of  the  atmofphere 
which  prefles  it  on  all  fides.  If  the  bottle  were 
round  inftead  of  fquare  it  would  fuftain  the  prelTure, 
notwithftanding  the  exhauftion,  by  reafon  of  its 
arched  figure,  that  would  prevent  its  giving  way 
inwards. 

The  quantity  of  this  preffure  on  a given  furface  m 
is  equal  to  the  weight  of  a column  of  mercury, 
whofe  bafe  is  the  given  furface,  and  whofe  height 
is  the  height  of  the  mercury  in  the  barometer, 
(32,  b)  To  exemplify  and  prove  this  by  the  air- 
pump,  it  is  ufual  to  inclofe  in  the  receiver  tw'o 
brafs  hemifphercs,  as  a and  b,  (fig.  149.)  that  lliut 
together  like  a box,  and  at  the  place  of  fhutting 
are  lined  with  v/etted  leather.  The  air  being 
exhaufted  from  the  receiver,  efcapes  likewafe  from 
the  cavity  of  the  hemifpheres,  and  when  it  is  per- 
mitted again  to  enter  the  receiver,  the  hemifpheres 
are  fo  clofely  preffed  together,  that  the  air  cannot 
«nter  at  the  place  ofjundtion:  they  adhere  toge- 
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ther  therefore,  with  a force  equal  to  the  prelTurc 
of  the  atmofphere,  which  is  greater  or  lefs  in  pro^ 
portion  to  the  area  of  the  circle  at  the  place  of 
jundion*  Thus,  if  the  diameter  of  the  circle  where 
the  hemifpheres  are  joined  be  four  inches,  the  force 
required  to  feparate  them  mull  exceed  230  lb* 
troy. 

N Since  bodies  immerfed  in  fluids  lofe  parts  of 
their  weights,  which  are  equal  to  the  weights  of 
mafles  of  the  fluids  refpe<5tively  equal  in  bulk  to 
the  bodies  themfelves  (8,  z,  a)  it  follows  that 
bodies  of  different  fpeciffc  gravities,  which  are  in 
equilibrio  in  the  air,  will  not  remain  fo  in  vacuo. 
For  in  vacuo  each  body  will  re-acquire  the  weight 
they  lofe  while  in  the  air,  and  the  body,  whofe  bulk 
is  greateft,  will  acquire  the  greatefl:  weight.  Thus, 
if  a piece  of  cork  be  in  equilibrio  with  a piece  of 
lead,  when  weighed  by  fine  I'cales  in  the  air,  the 
cork  will  preponderate  in  vacuo  j the  removal  of 
the  air  adduig  proportionally  more  to  its  weight,  as 
its  bulk  exceeds  that  of  the  lead. 

o The  fpring  of  the  air  may  likewife  be  fliewn  in  a 
variety  of  manners  by  the  afTiflance  of  the  air- 
pump.  Suppofe  a fmall  tube  to  be  inferred  through 
the  cork  of  a bottle,  half  full  of  mercury,  fo  that 
the  communication  between  the  air  included  in  the 
upper  part  of  the  bottle  and  the  external  air  fhail 
be  entirely  cut  off,  the  end  of  the  tube  being  im- 
merfed in  the  mercury.  JLet  this  apparatus  b 
placed  under  the  receiver,  and  the  air  exhaufted. 
The  fpring  of  the  included  air  then  preffing  on  the 
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fur  face  of  the  mercury,  will  force  it  into  the  tube, 
and  fuftain  \\  at  the  fame  height  nearly  as  it  ftands 
in  the  barometer ; for  the  fpring  of  the  air  is  equal 
to  its  weight,  (i.  22,  r)  and  confequently  produces 
an  equal  effe<5b : but  on  account  of  die  imperfection 
of  the  vacuum,  and  the  expanfion  of  the  air  in  the 
bottle,  by  which  its  fpring  is  weakened,  the 'mer- 
cury does  not  rife  exaCtly  as  high  as  it  does  in  the 
barometer. 

If  a half  blown  bladder  be  placed  in  the  receiver,  p 
the  included  air  will  expand  as  the  exhauftion 
proceeds,  and  will  blow  it  up  even  to  burfting. 
And  if  this  bladder  be  inclofed  in  a box,  whofe  cover 
is  loaded  with  weights  fomewhat  lefs  than  equal  to 
that  of  the  atmofphere,  the  expanfion  will  raife  the 
cover  and  fuftain  the  weights.  Thus,  if  the  blad^ 
der  be  inclofed  in  a box  of  6 inches  diameter,  it 
will  raife  the  cover,  though  loaded  with  upwards 
of  500 lb.- troy  (32,  B.) 

The  fpring  of  the  air  included  in  the  larger  pores 
or  veflels  of  bodies,  is  the  foundation  of  a num- 
ber of  pleafing  and  inftruClive  experiments.  Thus 
it  is  found,  that  wood  is  fpecifically^  lighter  than 
water,  only  by  reafon  of  the  Ipring  of  the  air  in- 
cluded in  its  veflels,  that  prevents  the  water  from 
entering : for  when  this  air  is  extracted,  and  the 
water,  by  the  admifllon  of  the  external  air  into  the. 
receiver,  is  impelled  into  the  veflels  of  the  wood, 
it  is  always  found  to  flnk  to  the  bottom. 

The  refractive  power  of  the  air  is  alfo  fhewn  by  r 
the  air-pump.  For  if  the  air  be  exhaufted  out  of 
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a prifmatic  glafs-veffcl,  the  rays  of  light  will  not 
pafs  ftrait  through  its  fides,  but,  in  pafiing  through 
the  vacuum,  will  be  defle^led  according  to  the 
cftablilhed  laws  of  optics.  The  proportions  of  the 
fines  of  the  angles  of  incidence  and  refradion,  out 
of  the  vacuum  into  the  air,  are  by  this  means 
found  to  be  as  100036  to  100000,  which  is  nearly 
the  fame  ratio  as  is  deduced  from  the  refractions 
of  the  heavenly  bodies. 

5 It  is  likewife  proved  by  the  air-pump,  that  the 
air  is  the  medium  of  found.  A bell  or  fmall 
alarm  clock,  being  rung  in  the  exhaulted  receiver, 
gives  no  found,  bur  if  the  air  be  admitted,  the 
found  gradually  becomes  louder  and  louder,  till  the 
air  in  the  receiver  be  of  the  fame  denfity  with  that 
of  the  atmofphere,  at  which  time  the  found  is  no 
otherwife  weakened  than  on  account  of  the  receiver 
that  covers  the  bell. 

T The  refinance  of  the  air  is  exhibited  in  a fink- 
ing manner  by  the  help  of  tiie  air-pump  ; for,  if  a 
guinea  and  a feather  be  let  fall  together  from  the  top 
of  a tall  exhaufled  receiver,  they  both  arrive  at  the 
bottom  at  the  fame  inflant. 

V Among  the  very  numerous  inflances  of  the  ufe- 
fulnefs  of  this  inflrument,  we  fhall  mention  but  two 
more ; namely,  the  difcovery  of  the  abfolute  necef- 
fity  of  air  for  the  prefervation  of  life  in  mofl  ani- 
mals, and  for  the  production  and  continuance  of 
flame.  Moll  animals,  when  included  in  the  ex- 
haufled receiver,  are  obferved  to  die  in  about 
five  minutes,  though  the  time  is  various  in  different 
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fpccies } and  they  moftly  recover  again,  if  the  air  be 
again'  admitted  without  being  withheld  too  long. 
A lighted  candle,  placed  under  the  receiver,  is  ex- 
tinguifhed  at  the  beginning  of  the  rarefadtion,  and 
the  fmoke  hovers  about  the  top  of  the  receiver ; 
but  when  the  air  is  ftill  more  rarefied,  it  becomes 
fpecifically  heavier,  and  fubfides  to  the  bottom. 
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CHAP.  I. 

CONCERNING  HEAT. 

y TJ'VERY  change  that  can  take  place  in  bodies 
JL/  is  effcfbed  by  means  of  motion.  The  bufi- 
nefs  of  natural  philofophy  is  to  inveftigate  the  caufes 
of  the  feveral  motions,  and  the  laws  they  follow. 
In  many  inftances  thefe  motions  come  under  the 
infpedtion  of  our  fenfes,  but  for  the  moft  part  they 
are  performed  among  the  minute  parts  of  bodies, 
and  are  only  known  by  the  effefts  they  produce. 
The  foregoing  part  of  this  work  has  been  chiefly 
confined  to  tlie  explanation  of  the  former  kind  of 
motions,  which  may  be  denoted  by  the  general 
term  mechanics.  The  latter,  namely,  the  effefts 
produced  by  motions  among  bodies  too  minute  to 
afiedt  the  fenfes  individually,  are  the  objedb  of  a 
fcience  called  chemiftry. 

w Heat  is  one  of  the  moft  important  and  general 
caufes  of  change  in  bodies.  This  term  is  com- 
monly 


HEAT.  TEMPERATURE.  1 

monly  ufed  to  denote  as  well  the  fenfation  caiifed 
by  an  increafe  of  temperature  in  the  human  body 
as  the  ftate  in  which  inanimate  bodies  are  when 
their  temperature  is  increafed.  In  the  following 
pages,  however,  it  will  not  be  neceffary  to  attend  to 
the  fenfation.  The  word  temperature  will  be  ufed 
to  denote  the  ftate  of  a given  folid,  fluid,  or  vapo- 
rous body,  with  refpecl  to  heat ; and  the  word  heat 
will  be  ufed  to  denote  the  caufe  of  that  ftate. 

A body  is  faid  to  be  hot  or  cold  accordingly  as  w 
its  temperature  is  above  or  below  a given  ftandard. 
The  vulgar  make  ufe  of  the  temperature  of  the 
human  body  as  a ftandard  for  this  purpofe.  But 
this  is  by  no  means  accurate  enough  for  philofophi- 
cal  purpofes,  becaufe  the  fenfations  of  no  two  per- 
fons  agree,  nor  even  thofe  of  the  lame  perfon  at 
different  times. 

The  dimenftons  of  a body  are  always  increafed  x 
with  the  temperature,  fo  long  as  the  body  retains 
the  ftate  of  folidity,  fluidity,  or  vapour,  it  happens 
to  polTcfs,  and  has  fuffered  no  chan,ge  either  in  the 
combination  or  quantity  of  its  chemical  principles. 
This  is  the  chief,  and,  perhaps,  'the  only  general 
criterion  by  which  the  changes  of  temperature  can 
be  appreciated. 

Bodies  in  contaft,  or  that  communicate  with  each  y 
other,  will  all  acquire  one  and  the  fame  temperature, 
after  a certain  length  of  time,  however  different 
their  refpedlive  original  temperatures  may  have  been. 

There  are  nvo  opinions  concerning  heat.  Accord-  z 
ipg  to  one  opinion,  heat  confifts  in  a vibratory  mo- 

VoL.  II,  I tioii 


WHAT  IS  HEAT  ? 


II4 

tion  of  the  parts  of  bodies  among  each  other,  whofe 
greater  or  lefs  intenfity  occafions  the  increafe  or 
diminution  of  temperature  : according  to  the  other 
cpinion,  heat  is  a fubtile  fluid  that  eafily  pervades 
the  pores  of  all  bodies,  caufing  them  to  expand  by 
means  of  its  elafticity,  or  otherwife.  Each  of  thefe 
opinions  is  attended  with  its  peculiar  difficulties.  The 
phenomena  of  heat  may  be  accounted  for  by  either 
of  them,  provided  certain  fuppofitions  be  allowed 
to  each  refpeftively ; but  the  want  of  proof  of  the 
truth  of  fuch  fuppofitions  renders  it  very  difficult, 

. if  not  impoffible,  to  decide,  as  yet,  whether  heat 
confifts  merely  in  motion  or  in  fome  peculiar  matter. 

A The  word  quantity  applied  to  heat  will  therefore 
denote  either  motion  or  matter,  according  to  the 
opinion  made  ufe  of,  and  may  be  ufcd  indefinitely 
without  determining  which. 

B Whatever  heat  may  be,  it  is  certainly  lawful  to 
affirm,  that  when  the  temperatures  are  the  fame, 
tlie  quantities  of  heat  are  equal  in  equal  bodies  of 
the  fame  kind ; thus,  a pound  of  gold  contains  an 
' equal  quantity  of  heat  with  another  pound  of  gold 
at  the  fame  temperature  j a pound  of  water  contains 
an  equal  quantity  of  heat  with  another  pound  of 
water  at  the  fame  temperature,  &c.  Hence  it 
follows,  that  the  quantity  of  heat  in  two  pounds 
of  a given  fubftance  is  twice  as  much  as  is  contained 
c in  one  pound  at  the  fame  temperature;  and  uni- 
verfally  in  homogeneous  bodies  of  the  fame  kind, 
the  quantities  of  heat  will  be  as  the  maffes,  provided 
die  temperatures  be  the  fame. 
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If  tu'o  bodies  that  differ  only  in  temperature  be  d 
brought  into  contadl,  they  will  (iij,  y)  acquire  a 
common  temperature,  and  the  quantity  of  heat  in 
each  will  be  equal  (114,  u.)  It  is  therefore  feen,  e 
that  the  hotter  body  has  imparted  half  its  furplus 
of  heat  to  the  other ; and  confequently  the  quan- 
tity of  heat  in  one  of  the  two  bodies  will  be  an 
arithmetical  mean  between  the  quantities  originally 
contained  in  them. 

If  two  bodies  of  the  fame  kind  that  differ  in  F 
magnitude  and  temperature  be  brought  into  contact, 
they  will  (i  13,  y)  acquire  a common  temperature, 
and  the  quantity  of  heat  in  each  will  be  (114,  c) 
in  proportion  to  the  maffes  1 that  is  to  fay,  the  G 
quantity  of  heat  which  caufed  one  of  the  two  bodies 
to  be  hotter  than  the  other  will  be  divided  between 
them  in  proportion  to  their  maffes. 

The  quantities  of  heat  required  to  be  imparted  to,  h 
or  fubdufted  from,  bodies  of  the  fame  kind,  in  or- 
der to  bring  their  temperature  to  any  given  flan- 
dard,  will  confequently  be  as  their  maffes. 

On  thefe  conhderations  it  is  that  the  thermo-  I 
meter  is  prefumed  to  acquire  the  fame  temperature 
as  the  body  it  touches.  For  the  mafs  of  the  ther- 
mometer ought  to  be  very  fmall  in  proportion  to  . 
that  of  the  body  it  is  applied  to  j in  which  cafe  the 
quantity  of  heat  it  gives  out  or  receives  in  the 
acquifition  of  the  common  temperature  will  be  fo 
fmall  as  not  fenfibly  to  affedl  the  body  under  con- 
j.  fideration ; fo  that  the  common  temperature  may 
i la  be 
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be  taken  inflead  of  the  original  temperature  required 
to  be  found. 

K Tlie  arithmetical  mean  temperature  between  two- 
equal  bodies  of  the  fame  kind,  as  determined  by 
experiment  ( 1 15,  e)  will  raufe  the  mercury  in  a 
thermometer  to  Hand  very  nearly  at  an  intermedi- 
ate equal  diftance  between  the  ftations  it  would 
have  had  at  the  original  temperatures  of  the  two 
L bodies.  The  increments  of  expanfion  in  mercury 
are  therefore  very  nearly  as  the  quantities  of  heat 
M that  caufe  them.  And  the  quantities  of  heat  added 
to,  or  fubdudled  from,  a given  body  in  contadl 
with  a mercurial  thermometer,  will  be  exprelTed 
by  the  number  of  degrees  the  thermometer  rifes  or 
falls. 

N Thus  far  the  temperature  and  heat  of  bodies  of 
the  fame  kind  have  been  chiefly  confidered ; but  if 
two  equal  bodies  of  different  kinds  and  tempera- 
ture be  brought  into  contadl,  the  common  tempe- 
rature will  feldom,  if  ever,  be  the  mean  between 
o the  two  original  temperatures ; that  is  to  fay,  the 
furplus  of  heat  in  the  hotter  body  will  be  unequally 
divided  between  them,  and  the  proportions  of  this 
furplus  retained  by  each  body  will  exprefs  their  re- 
fpedlive  difpofitions,  affinities  or  capacities  for  heat, 
p It  therefore  a given  fubflance,  as  for  example  fluid 
water,  be  taken  as  the  ftandard  of  comparifon,  and  j 
its  capacity  for  heat  be  called  one,  or  unity,  the  j 
refpedliv'’e  capacities  of  their  bodies  may  be  deter-  - 
mined  by  experiment,  and  expreffed  in  numbers  in  j 
the  fame  manner  as  fpecific  gravities  ufually  are 
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And  becaufe  it  is  eftablifhed  as  well  from  reafbn  q, 
as  experiment,  that  the  fame  capacity  for  heat  ob- 
tains in  all  temperatures  of  a given  body,  fo  long 
as  its  ftate  of  folidity,  fluidity,  or  vapour,  is  not 
changed,  it  will  follow,  that  the  whole  quantities 
of  heat  in  equal  bodies  of  a given  temperature  will  / 
be  as  thofe  capacities.  And  as  the  refpedlive  quan-  r 
tities  of  matter  in  bodies  of  equal  volume  give  the 
proportions  of  their  Ipecific  gravities,  fo  the  refpec- 
tive  quantities  of  heat  in  bodies  of  equal  weight  and 
temperature  give  the  proportions  of  their  fpecific 
heats. 

A greater  capacity  for  heat,  or  greater  Ipecific  s 
heat  in  a given  body,  anfwers  the  fame  purpofe 
with  refped  to  temperature  as  an  increafe  of  the 
mafsj  or(ii5,  h)  the  quantity  of  heat  required 
to  be  added  or  fubdudted,  in  order  to  bring  a body 
to  a given  temperature,  will  be  as  its  capacity  or 
Ipecific  heat  (117,  R.) 

The  capacities  not  only  differ  in  various  bodies,  t 
but  alfo  in  the  fame  body,  accordingly  as  it  is  either 
in  a folid,  fluid,  or  vaporous  ftate.  All  the  experi- 
ments hitherto  made  confpire  to  fhew,  that  the  capa- 
city, and  confequently  the  fpecific  heat,  is  greateft 
in  the  vaporous,  lefs  in  the  fluid,  and  leaft  in  the 
folid  ftate. 

The  quantity  of  heat  that  conftitutes  the  diffe-  u 
pence  between  the  feveral  ftates  may  be  found  in 
degrees  of  the  thermometer.  Thus,  if  equal  quan- 
"tities  of  water  at  162®,  and  ice  at  32®  of  tempera- 
ture, be  mixed,  the  ice  melts,  and  die  common 
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temperature  becomes  32*^  j or  other  wife,  if  equal 
quantities  of  frozen  and  of  fluid  water,  both  at  the 
temperature  of  32°,  be  placed  in  a like  fituation 
to  acquire  heat  from  a Are,  the  water  will  become 
heated  to  162^,  while  the  ice  melts,  without  acquir- 
ing any  inci-eafe  of  temperature.  In  either  cafe  the 
ice  acquires  130°  of  heat,  v.-hich  produces  no  other 
efied  than  rendering  it  fluid.  Fluid  water  there- 
fore contains  not  only  as  m.uch  more  heat  than  ice, 
as  is  indicated  by  the  thermometer,  but  alfo  130^, 
that  is  in  fome  manner  or  other  employed  in  giving 
it  fluidity.  And  as  fluid  water  cannot  become  ice 
without  parting  with  1 30°  of  heat,  befides  what  it 
had  above  32^  in  its  temperature;  fo  alfo  fleam 
cannot  become  condenfed  into  water  without  im- 
parting  much  more  heat  to  the  matters  it  is  cooled 
by  than  w'ater  at  the  fame  temperature  would  have 
done. 

• V The  heat  employed  in  maintaining  the  fluid 
or  vaporous  form  of  a body,  has  been  called 
latent  heat,  becaufe  it  does  not  affeft  the  thermo- 
meter. 

w From  the  conflderation  of  the  fpecific  heats  of 
the  fame  body  in  the  tw'o  ftates  of  foiidity  and  flui- 
dity, and  die  difference  between  thofe  fpecific  heats 
is  deduced  a method  of  finding  the  number  of 
degrees  which  denote  the  temperature  of  any  body 
immediately  after  congelation,  reckoned  from  the 
natural  zero,  or  abfolute  privation  of  heat.  The  rule 
is  ; multiply  the  degrees  of  heat  required  to  reduce 
any  folid  to  a fluid  flate  by  the  number  expreffing 
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the  fpecific  heat  of  the  fluid  ; divide  this  produ(5t 
by  the  difference  between  the  numbers  expreffing 
the  fpecific  heat  of  the  body  in  each  (late ; the  quo- 
tient will  be  the  number  of  degrees  of  temperature, 
reckoned  from  abfolute  privation  of  heat  *. 

To  give  an  example  of  this  curious  rule,  let  it  be  v 
required  to  determine  how  many  degrees  of  refrige- 
ration would  abfolutely  deprive  ice  of  all  its  heat  ? 
The  degrees  of  heat  neceffary  to  melt  ice  are  130, 


* This  theorem  it  Mr.  Kirwan’s,  and  may  be  proved  thus  ; 
let  s reprefent  the  required  temperature  of  the  body  juft  con- 
gealed, I =:the  number  of  degrees  thatexprefs  the  heat  required 
to  reduce  it  to  fluidity,  n the  fpecific  heat  of  the  folid,  and 

m=the  fpecific  heat  of  the  fluid.  Then,  s -f-I : s ::m  :n. 

In*  > 

Whence  s— the  temperature  from  the  natural  zero 

m — n 

in  thermometrical  degrees  of  the  fluid  (117,  u.)  But  becaufe 
the  aiftual  fall  of  the  thermometer  is  to  be  produced  by  cool- 
ing the  folid,  we  muft  pay  attention  to  its  capacity  (117,  s.) 
The  quantity  of  heat  required  to  produce  a given  change  of 
temperature  in  a body  is  as  its  capacity,  and  confequently  the 
changes  of  temperature,  when  the  quantity  of  heat  is  given, 

will  be  inverfely  as  the  capacities:  therefore  n ; m : : — ; 

Im  . . . . 

— s.  Which  is  the  rule  given  in  the  text. 

m — n 

If  the  data  1,  m,  and  n,  be  accurately  obtained  by  experiment 
in  any  one  inftance,  and  the  difference  between  the  zero  of 
Fahrenheit’s  fcale  and  the  natural  zero  be  thence  found  in  de- 
grees of  that  fcale,  this  difference  will  ferve  to  reduce  all  tem- 
peratures to  the  numeration  which  commences  at  the  natural 
o.  So  that  s being  known  in  all  cafes,  if  any  two  of  the  quan- 
tities 1,  m,  or  n,  be  given  in  any  body,  the  other  may  be  like- 


wife  had.  For  1:= 


s m- 


•s  n 


m 


Andm=: 


s n 


And  n= 


sm— Im 


I4 


and 


120  METHOD  OF  MAKING  EXPER.  ON  HEAT. 

and  the  fpecific  heats  of  ice  and  water  are  as  9 to 
10.  The  number  130,  multiplied  by  lo,  pro- 
duces 1300,  and  divided  by  the  difference  between 
9 and  I o quotes  1 300  : therefore  if  ice  were  cooled 
1300  degrees  below  32°,  or  to  — 1268  of  Fahren- 
heit’s fcale,  it  would  retain  no  more  heat. 

z It  is  unneceffary  to  point  out  the  many  phyfical 
caufes  that  prevent  either  the  production  or  men- 
furation  of  this  ultimate  degree  of  cold. 

A Experiments  on  heat  may  be  made  by  mixing 
fluid  bodies  i by  placing  them  in  a vafe,  whofe 
temperature,  volume,  and  fpecific  heat  or  capacity 
are  known  j or  by  placing  them  in  contaCt  with  ice 
at  32*^  i in  which  lafl  cafe,  the  quantity  of  ice  melted 
by  a body  hotter  than  32^^  will  be  in  proportion  to 
the  quantity  of  abfolute  heat  that  caufes  this  diffe- 
rence pf  temperature. 

B Much  care  is  required  to  prevent  occafional  cir- 
cumftances  from  influencing  the  refults  of  thefe 
experiments.  The  maffes,  fpecific  heats  and  tern-  - 
peratures  of  the  vcffel  and  thermometer  made  ufe 
of,  as  well  as  die  temperature  of  the  furrounding 
atmofphere,  muft  be  attended  to.  The  thermo- 
meters muff  be  very  fenfible,  and  give  the  tem- 
perature to  tenths  of  degrees.  The  temperature  of 
the  mixture  muff  be  taken  in  various  parts  of  the 
veffel,  and  its  rate  of  cooling  afeertained  at  diffe-r 
rent  periods,  in  order  to  infer  the  common  tempe- 
rature that  would  have  taken  place  if  the  furplus 
of  heat  could  have  been  equally  diffufed  at  the  firft 
iriftant  of  the  mijiture,  When  the  melting  of  ice 
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is  made  ufe  of,  it  is  neceflary  that  the  ice  expofed 
to  the  contad  of  the  heated  body  fhould  be  de- 
fended from  the  aftion  of  the  external  air,  by  be- 
ing included  in  a veflel  furrounded  on  all  fides  with 
other  ice  at  32”,  and  the  temperature  of  the  room 
ought  not  to  be  much  colder  than  32®,  left  the 
melted  ice  fhould  be  again  frozen,  inftead  of  run- 
ning into  the  vefiel  prepared  to  receive  it. 

The  chief  advantage  which  the  opinion  that  heat  < 
is  caufed  by  mere  vibration  poireftes,  is  its  great 
fimplicity.  It  is  highly  probable  that  all  heated 
bodies  have  an  inteftine  motion  or  vibration  of  their* 
parts ; and  it  is  certain  that  percuftion,  fridtion,  and 
other  methods  of  agitating  the  minute  parts  of  bo- 
dies will  likewife  increafe  thei^emperature.  Why, 
then,  it  is  demanded,  fhould  we  multiply  caufes,  by 
fuppofmg  the  exiftence  of  an  unknown  fluid,  when 
the  mere  vibration  of  p^rts,  which  is  known  to 
obtain,  may  be  applied  to  explain  the  phenomena  ? 
To  this  it  is  anfwered,  that  mere  motion  will  not 
apply  to  the  'phenomena : for,  among  other  fadls, 
water  at  32®  contains  more  heat  than  ice  at  32*^, 
and  ought  therefore  to  pofTefs  more  vibration,  yet  it 
does  not  communicate  more  to  the  thermometer.  A 
part  of  its  motion  muft  confequently  be  latent  or 
incommunicable,  which  is  an  abfurdity. 

A happy  explanation  of  the  manner  in  which  the 
temperature  of  a body  is  raifed  by  fridtion  or  percuf- 
fion,  has  been  given  * on  the  fuppofition  that  heat 
is  matter.  If  the  parts  of  a body  containing  any 

f By  Mr.  Kinvan. 
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fiuM  be  made  to  vibrate  ftrongly  and  irregularly, 
they  will  expel  a part  of  the  fluid  out  of  the  pores, 
provided  the  fluid  be  not  fufficiently  compreffed  to 
move  in  correfpondence  with  the  vibrations.  For 
in  this  cafe  a vibrating  particle  may  be  confidered 
as  if  its  dimenfions  were  increafed,  which  is  in 
eflfeft  the  fame  thing  as  if  the  pores  of  the  body 
were  diminifhed.  The  capacity  of  the  body  will 
thus  be  diminifhed,  and  confequently  its  tempera- 
ture will  be  increafed  (117,  s.) 

r All  the  changes  of  temperature  from  the  mofl: 
intenfe  cold  to  the  utmofl:  violence  of  ignition  may 
be  explained  from  the  changes  the  capacities 
of  bodies,  and  confequently  their  fpecific  heats 

G undergo  in  the  federal  chemical  procefTes.  For 
univerfally,  whenever  the  capacities  of  bodies  are 
diminifhed,  either  by  melting  or  evaporating, 
(117,  t)  by  friftion  or  percuffion,  (121,  e)  or  by 
a change  in  the  chemical  combination,  then  the 
temperature  is  increafed  (117,  s.)  And  on  the 
contrary,  the  temperature  is  diminifhed,  or  bodies 
become  cold  whenever  their  capacities  for  heat  are 
increafed. 

H Thus,  in  the  folution  of  various  faline  bodies  in 
water,  cold  is  produced  j becaufe  the  capacity  of 
the  fait  being  increafed  (117,  t)  by  its  becoming 
fluid,  while  the  abfolute  quantity  of  heat  remains  the 
fame,  its  temperature  mufl  be  diminifhed,  (i  17,  s.) 
Confequently,  the  common  temperature  of  the 
melted  fait  and  water  mufl  be  lower  than  it 
would  have  been  if  the  fait  had  not  been  dif- 
folved(ii3,  y.) 
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For  the  fame  reafon  a mixture  of  fnow  and  fait,  i 
applied  at  the  outfide  of  a velfel  containing  water, 
produces  a degree  of  cold  that  congeals  the  water, 
or  would  caufe  a thermometer  to  fall  far  beyond 
tlie  freezing  point.  The  fnow  and  fait  are  ren- 
dered fluid  by  their  mutual  aftion  on  each  other ; 
their  capacities  for  heat  are  increafed,  their  tempe- 
ratures confequently  diminifhed,  and  the  water 
frozen  by  the  lofs  of  the  heat  it  imparts  to  pro- 
duce a common  temperature. 

So  likewife,  if  a fmall  glafs  velTel,  containing  k 
water,  be  conllantly  wetted  on  the  outfide  with 
ether,  the  quick  evaporation  of  this  laft  fluid  will 
produce  a degree  of  cold  that  will  in  a very  fhort 
time  freeze  the  included  water.  For  the  Ipecific 
heat  of  the  ether,  when  converted  into  vapor,  is 
fo  great,  that  its  temperature  becomes  very  low, 
and  cools  the  water  even  below  freezing. 

The  inftances  of  cold  produced  by  evaporation  i. 
are  exceedingly  numerous.  From  this  caufe  it  is 
that  water  is  commonly  about  2 degrees  colder  than 
the  furrounding  air;  that  damp  clothes  produce 
fuch  chilling  effedls ; that  a wet  hand,  even  though 
wetted  with  warm  water,  foon  becomes  colder  than 
the  other  that  remains  dry,  &c.  &c. 

The  fpecific  heat  of  atmofpherical  air  is  found  M 
by  experiment  to  be  confiderably  greater  than  that 
of  air  which  is  expired  from  the  lungs  of  an  animal. 
The  air  therefore  undergoes  a change  in  the  lungs, 
which  diminiihes  its  capacity  and  muft  confequent- 
ly i.icreale  its  temperature.  It  is  found  alfo,  that 
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the  capacity  of  blood  for  heat  is  diminilhed  in  its 
coLirfe  from  the  arteries  to  the  veins.  From  thefe 
caufes  the  temperature  of  the  animal  is  continually 
increafed.  But  the  evaporation  of  perlpirable  mat- 
ter increafes  with  the  temperature,  and  produces 
cold.  The  equilibrium  of  thefe  actions  appears  to 
be  the  reafon  why  the  temperature  of  any  one  fpe- 
cies  of  animal  is  nearly  the  fame  in  all  climates. 
Animals  that  have  no  lungs  are  of  the  fame  tem- 
perature as  the  furrounding  medium.  In  cold 
countries  the  eftedls  of  perlpiration,  and  the  contact 
of  the  circumambient  air  are  rendered  lefs  by  the 
clothing,  as  thick  fur,  hair,  &c.  that  envelope  the 
native  animals,  and  are  from  neceflity  made  ufe  of 
by  the  human  fpccies. 

The  fpecific  heat  of  combuftible  matter  is  not 
confiderable;  the  fpecinc  heat  of  atmofpheric  air  is 
much  greater  than  that  of  air  which  has  ferved 
the  purpofe  of  combuftion,  ^ Suppofe  now  that 
by  any  means  the  temperature  of  a combuftible 
fubftance  be  raifed  to  fuch  a degree  as  that  the 
chemical  procefs,'which  changes  the  capacity  of  the 
air,  may  go  on,  the  temperature  of  the  air  will 
be  raifed  in  proportion  as  its  capacity  is  dlmi- 
niftied,  its  heat  will  be  imparted  to,  and  ftill  more 
increafe  the  temperature  of  the  combuftible  body. 
A very  high  degree  of  temperature  will  be  pro- 
duced, which  will  be  greater  in  proportion  to  the 
fpecific  heat  of  the  air,  the  quantity  decompofed 
in  a given  time,  and  lefs  in  proportion  to  the  fa- 
cility with  which  it  is  conduced  away  by  other 
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bodies.  This  procefs  is  called  combuftlon,  when 
it  is  carried  on  with  fuch  rapidity  as  to  caufe  the 
body  to  emit  light,  at  which  time  it  is  faid  to  be 
ignited ; and  it  will  continue  till  the  principles  of 
the  body  are  fo  changed  or  dilllpated  as  that  it 
can  no  longer  make  any  change  in  the  capacity  of 
the  furrounding  air. 

The  fridion  of  one  piece  of  wood  againft  an-  o 
other,  in  a turner’s  lathe,  produces  heat  and  flame. 

A nail  may  be  hammered  till  it  becomes  red 
hot.  When  flint  and  fteel  are  ftruck  together, 
minute  portions  of  the  flieel  are  knocked  off,  in  fo 
high  a degree  of  heat,  that  they  are  adually  burned, 
and  upon  extindion  are  feen,  with  the  magnifier,, 
to  confift  mofbly  of  hollow  balls  of  a black  or  greyifii  . 
metallic  colour,  and  about  the  one  hundredth  of  aji 
inch  in  diameter.  When  the  fun’s  rays  are  thrown, 
by  a burning-glafs  or  mirror  (i.  325,  n),  on  any 
fubftance,  they  exceedingly  increafe  its  tempera- 
ture, and  produce  the  moft  aftonilhing  effeds. 

In  all  thefe  phenomena  the  temperature  feems  to 
be  raifed,  at  leaft  in  the  beginning,  by  the  dimi- 
nution of  capacity,  which  is  a confequence  of  the 
agitation  of  the  minute  parts  of  bodies. 

When  water,  or  any  fluid,  is  heated,  the  quan-  r 
tity  evaporated  in  a given  time  becomes  greater, 
becaufe  the  heat  which  the  greater  capacity  of 
fteam  demands  is  more  readily  fupplied.  The 
greater  evaporation  diminifhes  the  augmentation  of 
temperature  the  fluid  acquires,  and  at  a certain  pe- 
riod entirely  dellroys  it.  This  period  or  tempera- 
ture, 
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ture,  called  the  boilhig  point,  is  lower,  the  more 
cafily  evapopable  the  fluid,  and  will  vary  in  the 
fame  fluid,  accordingly  as  the  evaporation  is  more 
or  lefs  eafily  performed.  Thus  Ipirit  of  wine  boils 
at  180^,  water  at  212^,  mercury  at  600,  and 
other  liquids  at  other  points  refpedively,  at  which 
they  acquire  the  greatefl:  heat  they  are  capable  of 
fuflaining  without  being  converted  into  vapor  in 
the  open  air  of  a mean  denflty.  But  if  the  eva- 
poration be  impeded,  either  by  the  fluid  being  in- 
cluded in  a clofed  veflel,  or  by  the  increafed  pref- 
fure  of  a denfer  atmofphere,  the  fluid  will  acquire 
a higher  temperature ; and,  on  the  contrary,  if  the 
atmofphere  be  light,  or  the  fluid  heated  in  vacuo, 
the  boiling  temperature  will  be  lower 

* The  theory  of  heat,  as  here  explained,  is  due  to  the 
immortal  Dr.  Black,  and  has  been  improved  and  illuftrated 
by  Dr.  A.  Crawford,  Dr.  Irvine,  Mr.  Kinvan,  Profeffor 
Wilke,  Mr.  Watt,  Mr.  Magellan,  &c. 
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CHAP.  II. 


A DESCRIPTION  OF  THE  METHODS  OF  APPLYING 
HEAT  TO  CHEMICAL  PURPOSES. 

HERE  are  few  fubftances  found  in  a na- 


X rural  ftate  whofe  conftituent  parts  cannot 
be  feparated  from  each  other  by  the  methods  ufed 
in  chemiftry.  One  of  the  principal  methods  con- 
fifts  in  altering  the  temperature  of  bodies, 

A great  number  of  bodies  are  found  to  be  r 
capable  of  the  folid,  the  fluid,  and  the  vaporous 
or  highly  elaftic  form,  accordingly  as  they  con- 
tain lefs  or  more  heat.  The  temperature  at  which 
folids  become  fluid  is  exceedingly  various  in  dif- 
ferent fubftances,  as  is  likewife  the  temperature  at 
which  the  internal  parts  of  fluids  begin  to  take 
a vaporous  form,  and  efcape  with  ebullition. 
The  number  of  degrees  of  temperature  compre- 
hended between  theft  two  points  of  freezing  and 
boiling  is  not  governed  by  any  relation  yet  dif- 
covered  between  theft  phenomena  and  the  other 
properties  of  bodies.  . Thus  mercury  freezes  at 
49^  below  o,  and  boils  at  600”  j the  inter- 
val being  649^5  water  freezes  at  32®,  and  boils 
at  212",  the  interval  being  180^  j fpirit  of  wine 
freezes  at  5 a'’  below  o,  and  boils  at  180®,  the  in- 
terval being  232®.  It  is  probable  that  all  bodies  fi 
whatfoever  are  capable  of  the  three  ftates  of  folidity, 
fluidity,  and  vapor  i but  that  in  many  inftanccs 
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the  freezing  or  boiling  points  may  lie  at  tempe- 
ratures not  obtainable  by  any  means  in  our  power. 

T Bodies  that  affume  the  vaporous  Hate  at  a lower 
temperature  are  called  volatile,  when  compared 
with  filch  as  require  a greater  degree  of  heat  for 
the  fame  purpofe.  Such  bodies  as  either  cannot 
be  made  to  rife  in  vapor,  or  require  an  intenfe 
heat  to  raife  them,  are  called  fixed. 

u It  is  eafy  to  conceive  how  the  parts  of  bodies 
may  be  feparated  from  each  other  by  change  of 
temperature.  Thus,  if  foap  be  diflblved  in  fpirits 
of  wine,  and  the  temperature  be  rendered  lower,  the 
foap  will  affume  a concrete  form,  and  be  feparated 
long  before  the  fluidity  of  the  fpirits  can  be  affect- 
ed. Water  mixed  with  fpirits  is  converted  into 
ice  by  cold,  and  feparated  for  the  fame  reafon. 
Again,  if  a mixture  of  copper  and  lead  be  ex- 
pofed  to  a heat  gradually  increafed,  the  lead  will 
be  melted  firft,  and  will  run  from  the  copper, 
leaving  it  in  the  form  of  a porous  mafs : or  if 
brafs,  which  is  a mixture  of  copper  and  a volatile 
femi-metal  called  zink,  be  expofed  to  a confi- 
derable  heat,  the  zink  affumes  the  vaporous  flate, 
and  leaves  the  copper  alone.  So  likewife  quick- 
ill  ver  is  feparated  from  gold,  water  from  clay,  &c. 

"V  The  purpofes  of  chemiflry  are  in  general  much 
better'  anfwered  by  raifing  than  by  lowering  the 
temperature  of  bodies.  The  moft  ufual  method 
of  heating  bodies  is,  to  place  them  in  communica- 
tion with  others  in  a flate  of  combuflion  ; that  is 
to  f^y,  place  them  near  a fire.  Tire  veffels  and 
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furnaces  made  ufe  of  are  various,  according  to  their 
feveral  applications. 

When  fubftances  of  confiderable  fixity  are  to  be  w 
cxpofed  to  heat,  or  when  the  volatile  parts  of  bodies 
are  propofed  to  be  difTipated  into  the  air,  open 
VefTels  are  ufed.  The  common  culinary  utenfils 
of  copper  or  iron  anfwer  thefe  intentions  where  the 
matter  to  be  operated  upon  v/ill  not  corrode  them, 
and  the  heat  is  not  required  to  be  very  great.  Glafs 
vefTels  are  the  moft  cleanly,  and  may  be  ufed  in  a 
great  variety  of  procelTes.  They  have  the  advan-^ 
tage  of  refilling  the  a£lion  of  mofl  corroding  mat- 
ters, are  impermeable  to  air  and  vapor,  and  their 
tranfparency  affords  the  valuable  convenience  of 
beholding  the  changes  that  happen  within  them. 

In  higher  degrees  of  heat,  fuch  as  would  fbften 
or  melt  glafs,  it  is  neceffary  to  ufe  vefTels  of 
earth,  or  other  matter. 

A mattras,  is  a kind  of  bottle  fhaped  mofl  com-  x 
monly  like  a Florence  flafk,  though  its  figure  is 
various,  according  to  the  ufes  it  is  intended  to  be 
applied  to,  fig.  1 50,  letter  c.  A cucurbit,  is  a vefTcl 
nearly  of  the  fame  figure,  but  with  a long  neck, 
fig.  1 50,  letter  a.  It  is  made  either  of  metal,  glafs,  or 
earthen-ware.  A crucible,  is  a pot  made  ufe  of 
for  melting  metal  and  other  fimilar  purpofes.  It 
is  made  either  of  platina*,  forged  iron,  black  lead, 

or 

• Mr.  Achard’s  procefs  for  making  crucibles  of  platina  is 
as  follows.  Take  equal  quantities  of  platina,  white  arfcnic 
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or  earth.  A cupel,  is  a fhaliow  crucible,  made  of 
calcined  bones,  and  ufed  by  afTayers.  The  large 
crucibles  of  tliis  kind,  ufed  by  refiners,  are  called 
tells. 

y In  mofl  operations  where  the  volatile  parts  of 
bodies  are  propoled  to  be  feparated  and  prefeiwed, 
it  is  necelTary  to  ufe  clofed  velTels.  To  the  cucurbit 
A,  fig.  150,  is  adapted  the  head  b,  denoted  by  the 
dotted  line : from  the  head  proceeds  a tube  that 
communicates  with  the  mattras  c,  which  in  this 
cafe  is  called  the  receiver.  The  head  b is  inclofed 
within  a tub  or  vefifel,  called  the  refrigeratory. 
The  whole  apparatus  thus  dilpoled  is  called  an 
alembic  or  Hill.  The  matter  to  be  operated  on 
' is  put  into  the  cucurbit  a,  and  the  head  fitted  on : 
cold  water  is  poured  Into  the  refrigerator ; and  the 
receiver  adapted  to  the  tube,  by  means  of  an 
earthy  pafte,  called  lute.  The  fire  being  then 
lighted,  forces  the  volatile  fumes  into  the  head  b, 
where  they  become  condenfed  by  the  cold,  and 
flow  in  a liquid  form  into  the  receiver  c.  This 
procefs  is  called  diftillation. 

z When  diftillation  is  performed  in  the  large  way, 
a very  large  tub  or  veflel  is  fubftituted  inftead  of 


and  fiih  of  tartar,  and  expofe  them  to  a ftrong  heat,  till  they 
melt.  This  matter,  when  cooled,  mull  be  reduced  to  powder, 
with  which  the  mould  of  the  veflel  intended  to  be  formed 
mull  be  filled.  A llrong  heat  quickly  ralfed,  under  a muffle, 
and  continued  for  fome  time,  will  again  fufe  the  mafs:  the 
arfenic  and  fait  of  tartar  will  be  forced  off,  and  the  platina 
tvill  be  left  alone  in  the  form  defired. 
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the  refrigerator,  and  the  vapors  pafs  through  a 
fpiral  pipe  called  the  worm.  Thus  fig.  151,  a is 
the  body  of  the  ftill,  b the  head,  d the  worm- 
tub  containing  cold  water,  and  the  dotted  lines  re- 
prefent  the  pipe  called  the  worm,  terminating  at 
E,  where  the  condenfed  vapors  run  out  in  a liquid 
form. 

But  there  arc  many  matters  required  to  be  di-  a 
{tilled  that  are  not  fufficiently  volatile  to  pafs  into 
the  receiver  by  either  of  thefe  methods.  In  fuch 
cafes  the  refrigerating  part  is  omitted,  and  the 
cucurbit  is’  made  with  its  neck  on  one  fide,  as 
in  fig.  152.  It  is  then  called  a retort,  and  the 
receiver  is  ufually  luted  to  the  neck.  Moft  of 
the  experiments  made  in  the  fmall  way  may  be 
performed  with  retorts,  if  attention  be  paid  to  ap- 
ply more  or  lefs  heat,  according  to  the  volatility 
of  the  produfts  expefted  to  come  over. 

When  volatile  fubftances  are  railed  by  heat  in  a b 
dry  form,  the  procefs  is  called  fublimation.  If 
the  fublrmed  mafs  has  a loofe  powdery  form,  it  is 
called  flowers.  Such  are  the  flowers  of  brimflione, 
of  benjamin,  &c.  An  ordinary  cucurbit,  or  mat- 
tras,  ’will  ferve  for  the  fublimation  of  fuch  bodies 
as  are  not  very  volatile.  When  they  are  more 
volatile,  the  head  b of  the  alembic  is  a pi'oper 
receptacle,  fig.  150,  efpecially  if  moift  produ6ls 
arife  and  are  required  to  pafs  at  the  fame  time  into 
the  receiver  c.  In  other  cafes  the  receiver  is  not 
annexed,  and  a number  of  heads  are  fixed  one 
above  the  other  communicating  by  necks,  the 
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uppennoft  one  only  being  ciofed  at  top.  Many 
liibiiniates  are  attached  to  the  chimnies  of  furnaces, 
among  v/Jiich  common  foot  is  a familiar  inftance. 
c The  conilrudlion  of  furnaces  is  as  various  as  the 
purpofes  they  are  deligned  to  ferve.  A lamp,  fup- 
porred  at  different  diftances  below  any  chemical 
veffel,  or  biu  ning  with  a variable  number  of  wicks, 
is  very  ufcful  v/hcre  low  degrees  of  heat  are  in- 
tended to  be  applied.  Chemical  vcffels  may  be 
plunged  to  greater  or  lefs  depths  in  a pot  over  the 
hre  containing  either  water,  mercury,  a mixture 
of  mercury  and  lead,  fund,  iron  filings,  or  other 
matter  capable  of  fuftaining  heat.  Thefe  fub- 
ffances,  interpofed  between  the  veffel  and  the  fire, 
compofe  what  is  called  a bath,  and  are  of  excel- 
lent ufe  for  imparting  an  uniform  heat,  not  fubjedt 
to  the  fudden  viciffitudes  experienced  by  vcffels 
expofed  to  a naked  fire.  Without  this  contrivance 
glafs  veffels  would  often  fly  or  crack.  Glafs  or 
earthen  veffels,  intended  to  fuftain  a greater  heat 
than  can  be  given  by  means  of  a bath,  are  ufually  * 
coated  with  a mixture  confining  chiefly  of  clay 
and  fand. 


• The  valuable  method  ufed  by  Mr.  Willis,  of  Wapping, 
o fecure  or  repair  his  retorts  ufed  in  the  dillillation  of  phoC» 
phorus,  deferves  to  be  mentioned  here.  The  retorts  are 
fmeared  with  a folution  of  borax,  to  which  fome  flaked  lime 
has  been  added,  and  when  dry,  they  are  again  fmeared  with 
a thin  pafle  of  flaked  lime  and  linfeed  oil.  This  pafte  being 
made  fomewhat  thicker,  is  applied  with  fuccefs^  daring  the 
dillillation,  to  mend  fuch  retorts  as  crack  by  the  f.rc. 
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Fig.  153.  reprefents  the  wind-furnace,  or  air  d 
melting  furnace.  In  this  leftion  a denotes  the  afh- 
hole,  B the  grate,  c a crucible  placed  on  die  grate, 

F a ftone  covering  the  upper  part  of  the  fire-place, 

G the  fide-communi cation  between  the  fire  and  the 
chimney  EH.  d is  a cupel  occafionally  placed  in 
the  current  of  flame  thatilTues  from  the  fire.  The 
fuel  and  pots  arc  introduced  at  the  hole  f.  The 
efiefts  of  this  furnace  are  eafily  explained.  Coin- 
bullion  (124,  n)  is  more  rapid  and  intenfe  in 
proportion  to  the  quantity  of  air  fupplied  and  de- 
compofed.  The  preflfure  of  the  atmofphere  up- 
wards at  B is  greater  than  the  prefTure  of  the  co- 
lumn that  a6ls  downwards,  becaiife  the  lower  part 
of  this  laft  mentioned  column  confills  of  a rarefied 
portion  of  air  included  in  the  cavity  d c c e h.  The 
lighter  column  will  therefore  afeend  wflth  a velo- 
('ity  fo  much  the  greater  as  its  rarefied  part  is 
longer  and  more  rarefied-  If  therefore  the  fire  be 
large,  and  the  chimney  high  and  fufficiently  nar- 
row for  the  air  to  pafs  through  before  it  is  much 
cooled,  a very  powerful  degree  of  heat  will  be  pro- 
duced. 

Fig.  154.  reprefents  the  reverberatory  furnace,  e 
By  means  of  the  dome  b the  flames  are  driven 
back,  and  made  to  play  round  the  retort  c ; and  oc- 
cafionally the  fuel  may  be  heaped  round  die  re- 
tort, fo  as  nearly  to  fill  the  dome. 

I'here  are  many  other  furnaces,  for  the  making  f 
of  glafs,  the  roafting  of  ores,  and  extracting  their 
contents,  the  firing  of  pottery,  and  vthcr  nume- 
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rous  purpofes.  For  the  dcfcription  and  life  of  thefe, 
larger  treatlfes  miift  be  recurred  to.  The  philofo^ 
phical  chemift  may  in  general  perform  his  opera- 
tions without  being  under  the  abfolute  neceffity  of 
ufing  furnaces  conftrudled  on  purpofe,  or  preparing 
any  larger  apparatus  of  veffels.  A tobacco-pipe 
is  a very  ufeful  kind  of  crucible,  with  which 
many  experiments  may  be  well  made  in  a common 
fire,  efpecially  with  the  afliftance  of  a pair  of  double 
bellows.  Common  chafing  - difhes,  fmall  iron 
lloves,  or  the  larger  kind  of  * black  lead  pots  may 
be  applied  to  purpofes  of  the  moft  extenfive  utility 
by  an  ingenious  operator.  Bottles  of  various 
fhapes,  and  other  veffels,  may  be  found  in  com-^ 
mon  ufe  well  fuited  to  the  performance  of  chemical 
experiments  : fuch  are  apothecaries  phials,  Florence 
fiafks,  earthen  pans,  ficc. 

The  blow-pipe  is  an  inftrument  of  great  ufe  in 
the  chemical  examination  of  mineral  bodies.  This 
may  be  procured  in  the  fhops,  and  confifts  of  a 
tube  of  about  ten  inche:)  long,  formed  as  in  the 
figure  (fig.  155.)  The  aperture  a is  about  a 
quarter  of  an  inch  in  diameter,  and  is  intended  to 
be  applied  to  the  mouth  in  blowing : the  other 
aperture  b is  very  fmall,  fo  that  the  wind  iffues  out 
in  a fine  ftream.  If  now  a candle  be  fniiffed,  and 
the  wick  turned  a little  on  one  fide,  the  flame  may, 
by  tills  flream  of  air,  be  direfted  upon  any  fmall 

* The  rncthod  of  conArufling  cheap  and  portable  furnaces 
out  of  black  lead  pots,  is  defcribed  at  large  in  “ Lewis’s 
“ Philofophictd  Commerce  of  Arts.” 
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body,  and  is  fufficiently  adlive  to  produce  every 
change  that  the  ftrongfeft  furnace  can  efFeft  on  larger 
bodies. 

The  common  blow-pipe  is  fubjedt  to  two  prin-  h 
cipal  inconveniences  ; the  firft  is,  that  the  moifture 
of  the  breath  becomes  condenfed  in  the  tube,  and 
occafionally  fpirting  out  of  die  aperture  b,  eidier 
checks  the  burning  of  the  flame,  or  produces  odier 
difagreeable  accidents ; the  other  is,  that  the  aper- 
ture B being  invariable,  can  only  be  adapted  to  a 
flame  of  one  particular  magnitude,  whereas  a hunger 
flame  requires  a larger  aperture.  The  blow-pipe 
bell  fuited  to  philofophical  purpofes  is  provided  with 
a ball  c (fig.  1 56.)  in  which  the  vapors  are  dptained, 
inftead  of  palfing  through  the  aperture  b : and  the 
piece  B may  be  unferewed,  and  changed  for  another, 
accordingly  as  the  aperture  is  required  to  be  varied. 

If  the  aperture  be  not  round  and  fmooch,  the  flame 
will  be  ragged  and  irregular. 

The  body  to  be  urged  by  the  flame,  direefted  i 
and  excited  by  a blow-pipe,  ought  not  to  exceed 
the  fize  of  a grain  of  pepper.  The  befl:  fupjxirter 
to  place  it  on  is  a fmooth  clofe  piece  of  charcoal, 
which  anfwers  perfedlly  well  for  all  matters  that 
do  not  fink  into  its  pores,  nor  are  changed  by  its 
inflammable  principle.  In  fuch  cafes  as  the  char- 
coal cannot  be  ufed,  it  is  neceflary  to  be  provided 
with  a fmall  fpoon,  either  of  pure  gold  or  pure 
filver,  tliere  being  no  other  metals  that  admit  of 
being  worked  with  facility,  but  are  changeable  by 
heat. 
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K The  advantages  attending  experiments  made  With 
the  blow-pipe  are  many*  They  may  be  made  in  a 
very  Ihort  time  in  any  place,  by  an  apparatus  that 
admits  of  being  carried  in  the  pocket.  The  quan- 
tity required  of  any  material  is  fo  fmall,  that  they 
are  performed  at  very  little  expence*  And  the 
whole  procefs,  inftead  of  being  carried  on  in  an 
opake  crucible,  is  vifible  from  beginning  to  end. 
They  are  therefore  of  great  utility  in  examining 
bodies  where  experiments  in  the  large  way  cannot 
eafily  or  conveniently  be  made,  and  where  they  can, 
thefe  fmall  trials  previoiifly  made  are  often  of  fervice 
to  indicate  the  beft  way  of  condudling  them 

L If  the  blow- pipe  be  ufed  with  the  pure  air,  cal-  ' 
led  dephlogifticated  air^  obtained  by  diftillation 
from  nitre,  or  other  falts,  it  produces  a greater 
degree  of  heat  than  can  be  obtained  by  any  other 
method  yet  difcovered,  unlefs  we  may  except  the 
heat  in  the  focus  of  a few  of  the  moft  capital  burn- 
ing lenfes. 

M The  burning  glafs  or  mirror  is  feldom  ufed  in 
chemiftry,  except  on  fuch  occafions  as  do  not  admit 
of  the  other  methods  of  heating  bodies. 


* The  life  of  the  blow-pipe  is  explained  by  Guftav  vort 
Engelirom,  in  a treatife  annexed  to  the  Englifh  edition  of 
Cronftedt’s  Mineralogy,  andalfoby  Bergman,  in  his  Treatife 
de  tubo  ferruminatorio,  in  which  the  habitudes  of  a great 
humber  of  bodies  in  the  /ire,  either  with  or  without  addition, 
are  given.  The  Englifli  reader  will  find  this  excellent  work 
at  the  end  of  Cullen’s  Tranflation  of  Bergman’s  E/fays.  Lon- 
don. 1784. 
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CHAP.  III. 

AN  EXPLANATION  OF  THE  NATURE  AND  EFFECTS 
OF  THE  ELECTIVE  ATTRACTION,  OR  CHEMICAL 

affinity. 

IT  has  been  fufHciently  fhewn  in  the  former  parts  a 
of  this  I'reatife,  that  the  parts  of  bodies  have  a 
tendency  towards  each  other,  which  is  generally  de- 
noted by  the  word  Attraftion.  Were  it  not  for  the 
efFedis  of  this  power,  the  motions  of  ail  bodies  would 
be  performed  in  right  lines  (i.  21,  p),  and  their 
parts  would  be  feparated  from  each  other  by  the 
fmalleft  impulfe.  It  is,  in  faft,  impoffible  to  form 
a notion  how  the  univerfe  could  fubfift  in  its  prefent 
form  without  it. 

The  firft  rule  of  philofophizing  (i.  6.)  leads  us  b 
to  enquire  whether  the  various  effeds  of  attradion 
that  take  place  in  natural  phenomena  be  confe- 
quences  of  one  and  the  fame  principle,  or,  if  more 
caufcs  than  one  Ihould  be  concerned  in  producing 
them,  how  far  the  operation  of  each  extends.  If 
the  attradion  of  cohefion  were  the  fame  as  gravita- 
tion, its  power  would  follow  the  fame  ratio  of  the 
diftances  of  bodies  from  each  other  (i.  207),  and 
would  be  fenfible  at  veiy  confiderable  intervals  of 
fpacej  but  as  it  is  perceived  only  at  extremely  c 
fmall  diftances,  and  even  gives  place  to  repulfion 
when  the  interval  is  increafed  (i.  47.  z),  it  feems 
neceflary  to  confider  it  as  a diftind  property  of 

matter, 
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matter,  or,  at  lead,  as  the  efFed  of  fome  other 
caufe. 

D Whether  the  attra6lion  of  cohefion,  or  the  power 
that  refifts  the  feparation,  by  mechanical  means,  of 
the  parts  of  folid  bodies,  be  the  fame  as  thofe 
attradlions  which,  on  account  of  their  being  exerted 
more  ftrongly  between  two  given  bodies,  than 
betw’cen  one  of  the  two  and  a third  of  a different 
kind,  are  called  eleftive  attradions,  or  chemical 
affinities,  has  not  been  well  decided.  The  enu- 
meration of  a few  fimple  propofitions  relpeding 
attradion,  generally  confidered,  may  tend  much 
to  elucidate  this  bufinefs. 

E As  the  attradion  of  gravitation  is  taken  to  be  a 
general  property  of  matter,  ading  according  to  the 
mafies  of  bodies  (r.  i8.  i j 26,  a),  and  we  do  not  fup- 
pofe  a variety  of  attradions,  but  of  denfities,  in 
bodies  that  are  varioufly  heavy,  fb  may  one  general 
property  caufe  the  particles  of  bodies  to  adhere  toge- 
ther, though  its  intenfity,  varying  with  the  denfity 
of  thofe.  particles,  may  produce  various  effeds. 

F In  all  the  phenomena  of  attradion,  the  force  is 
greater  when  the  diftance  is  lefs : and  it  is  clear, 
that  particles  of  the  fame  mafs  and  denfity  may  have 
various  figures,  fome  of  which  will  admit  of  a 
nearer  approach  of  their  centers,  when  their  furfaces 
c are  in  contad,  than  others.  3tich  particles  will 
adhere  more  ftrongly,  as  by  their  figure  can  admit 
of  their  centers  coming  nearer  together. 

H Againft  the  truth  of  the  pofition,  that  the  attrac- 
tions difplayed  in  the  cohefion  of  bodies,  and  in 
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chemical  operations,  follow  the  denfity  of  the  par- 
ticles, it  is  no  objedion  to  fay,  that  the  hardnefs 
, and  fpecific  gravity  of  bodies  are  governed  by  no 
common  law : for  the  hardnelsi  according  to  this  i 
dodrine,  depends  on  the  denfity,  magnitude,  and 
figure  of  the  particles, -and  the  fpecific  gravity  on 
the  denfity  of  the  particles,  and  the  proportion  be- 
. tween  their  aggregate  bulk  and  the  bulk  of  the 
fpace  occupied  by  the  pores  of  the  bodies.  And  k 
as  thefe  attributes  do  not  depend  on  each  other,  but 
may  vary  indefinitely,  there  is  no  necefiary  relation 
between  hardnefs  and  Ipecific  gravity. 

The  adhefion  of  like  parts,  by  which  a body  is  l 
formed  of  the  fame  kind  as  the  parts  themfeives,  is 
called  aggregation  j but  the  adhefion  of  parts,  not 
of  the  fame  kind  as  each  other,  by  which  a body 
is  formed,  having  properties  different  from  thofe 
of  the  parts,  is  called  combination.  It  does  not  m 
appear  that  combination  is  performed  by  any  power 
different  from  the  attraftion  of  cohefion,  by  which 
aggregation  is  allowed  to  be  produced ; or,  in  other 
words,  the  attradion  of  cohefion,  and  of  chemical 
affinity,  appear  to  be  the  fame  power  exercifed  in 
different  circumftances. 

If  a particle  of  matter  be  furrounded  by  others  of  n 
a certain  kind  in  contad  with  it,  it  may  flill 
attrad  and  retain  others,  forming  a fecond  envelop- 
ing fcratum,  and  fb  on,  according  to  the  force  of 
attradion  it  exerts  on  fuch  particles.  But  at  a cer- 
tain period  the  accumulation  will  ceafe,  on  account 
of  the  attradion  being  inconfiderable  beyond  a 

limited 
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o limited  diftance.  At  this  period,  if  particles  of  a 
third  different  kind  be  prefen  ted,  they  may  be 
attra^51:ed  and  retained  by  tlie  central  particle  not- 
j witliilanding,  provided  its  attraction  to  thefe  laft 
f be  flrongcr  than  to  the  former.:  and  accordingly, 
as  thefe  laft  are  more  weakly  or  ftrongly  attradfed, 
they  will  either  form  an  additional  ftratum  with- 
out, or  will  be  urged  inwards,  fo  as  to  difplace 
the  others  by  forcing  them  out  of  the  fphere  of 
attradtion.  The  phenomena  will  iikewife  be  diffe- 
rent in  confequence  of  the  greater  or  lefs  force  of 
attradlion  mutually  exerted  between  the  particles  of 
different  kinds  applied  to  the  central  particle, 

K A particle  furrounded  by  as  many  of  another 
kind  as  it  can  retain,  may  be  confidered  as  a fimple 
particle  with  refpedl  to  fuch  particles  of  a third  kind, 
as  it  can  attradfc  and  retain  without  difplacing  the 
former. 

s Let  a particle  be  fuppofed  to  be  furrounded  by 
as  many  of  another  kind  as  it  can  retain,  and 
alfo  by  particles  of  a third  kind,  enveloping  the 
former;  let  the  attradtion  of  the  central  particle 
be  fuppofed  greater  in  like  circumftances  with  re- 
fpedl  to  the  external  kind,  than  to  the  kind  of  par- 
ticles which  are  neareft  to  it,  but  ftronger  on  thefe 
laft,  merely  on  account  of  their  proximity ; then, 
if  the  whole  be  heated,  the  refpedlive  diftances  of 
all  the  particles  will  be  increafed  (113,  x) ; this 
increafe  may  augment  the  diftances  of  the  nearer 
in  a higher  proportion  than  of  the  remote  particles, 
and  confeqiiently  caufe  the  attradlions  of  the  central 

particle 


CHEMICAL  ATTRACTION.  I4I 

Particle  on  each  to  approach  nearer  to  equality,  or 
even  caiife  attraftion  on  the  external  ftratum  to 
become  greateft ; and  again,  the  inner  ftratum 
of  particles  having  their  interftices  rendered  larger, 
may  admit  the  outer  to  pafs  through  without  impe- 
diment, and  poiTefs  the  nearer  place  : that  is  to  fay,  t 
heat  may  caule  changes  of  combination  to  take  place 
that  would  not  have  obtained  at  a lower  tempe- 
rature. 

The  fimpleft  parts  that  enter  into  the  compoft-  u 
tion  of  bodies,  namely,  fuch  parts  as  have  not  hither- 
to been  decompofed  by  any  method  of  analyfis, 
or  obtained  by  the  combination  of  other  fimple 
bodies,  are  termed  elements  or  firft  principles. 

\V  hen  a combination  of  two  firft  principles  enters  v 
into  the  compofition  of  a body,  by  uniting  with 
fome  other  principle  or  principles,  this  combination 
is  termed  a fecondary  principle  of  the  body  it  enters 
into  (140,  r). 

Thus,  fulphur  and  fait  of  tartar,  melted  together, 
form  a compound  called  liver  of  fulphur,  into 
which  fulphur,  though  not  a fimple  fubftance, 
enters  as  a fecondary  principle,  and  from  which  it 
may  be  again  feparated,  by  proper  methods,  in  its 
original  form. 

When  principles  are  combined  in  fuch  propor-  w 
tions  as  to  form  a compound  that  exhibits  the  leaft 
poflible  any  of  the  diftinguifhing  properties  of  the 
principles,  they  are  faid  to  be  faturated  with  each 
other.  If  either  principle  exceed  this  proportion, 

it 
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it  is  faid  to  be  imperfedVly  or  partially  faturated,  and" 
the  other  is  faid  to  be  fuperfatu rated. 

For  example,  if  fpirit  of  fait,  or  the  marine  acid, 
be  added  to  fait  of  foda,  or  the  marine  alkali  j the 
com|X)und  will  exhibit  acid  properties,  if  tJie 
firft  abound  beyond  a certain  proportion  j or  if  the 
latter  predominate,  the  alkaline  properties  will  pre-. 
vail ; but  if  each  be  in  due  quantity,  the  compound 
will  be  common  culinary  fait,  neither  acid  nor 
alkaline. 

Mixture  is  the  union  of  principles,  which  remain 
neverthelefs  in  confiderable  mafles  that  adhere  to 
each  other  refpedively,  either  by  reafon  of  the 
fimilar  principles  having  a greater  attrafbion  to 
each  other  than  to  the  principles  of  another  kind, 
or  becaufe  the  heat  of  the  mafs  is  not  fufficicntly 
great  (141,  t)  to  caufe  that  change  which  would  ' 
produce  an  intimate  combination  of  the  whole. 

Oil  and  water,  when  fhaken  together,  do  not 
Combine,  but  only  mix,  becaufe  the  parts  of  each 
refpeftively  attract  thofe  of  the  fame  kind  more 
ftrongly  than  the  other : fo  likewife  pot-afh  and  • 
fand  may  be  mixed  without  combining,  but  an 
increafe  of  temperature  in  the  furnace  of  a glafs- 
houfe  will  caufe  them  to  unite,  and  form  the  com- 
bination called  glafs. 

To  produce  a change  in  the  combination  of  the 
parts  of  bodies,  it  is  in  general  required  that 
the  temperature  of  the  whole  Ihould  be  fufHciently 
high  to  melt  at  lead:  one  of  the  principles. 


When 


fXPLAINED. 


143 

When  a fluid  combines  with  another  body  with- 
out lofing  its  fluidity,  tliis  lafl:  is  faid  to  be  held 
in  folution,  or  dilToived,  and  the  fluid  is  called  a 
Iblvent  or  menftruum, 

A menftruum  faturated  with  one  principle  may, 
notwithftanding,  take  up  another  (139,  n,  o.) 

Thus  fait  may  be  dilTolved  in  water,  and  when  it 
is  ftiturated,  and  will  not  a<ft  on  fait,  it  will  diftblve 
fugar. 

When  a fluid  that  holds  one  or  more  principles 
in  folution  lets  one  fall  upon  the  addition  of  foiT>c 
new  principle  to  which  the  combination  has  a 
greater  affinity,  the  principle  let  fall  is  faid  to  be 
precipitated  by  the  newly  added  principle,  which  is 
called  the  precipitant. 

Epfom  fait  confifts  of  magnefia,  combined  with 
the  marine  acid.  If  this  fait  be  diflblved  in  water, 
and  fait  of  tartar  be  added,  the  magnefia  will  fall  to 
the  bottom  in  the  form  of  a white  powder,  and  the 
fait  of  tartar  will  combine  with  the  acid. 

When  two  principles  being  united  are  fo  fepa- 
rated  on  the  addition  of  a third,  that  one  of  the  ori- 
ginal principles  quits  the  other,  and  forms  a new 
combination  with  the  third,  the  decompofition  and 
new  combination  are  faid  to  be  produced  by  Ample 
affinity. 

Common  fait,  as  has  been  already  obferved,  is 
a combination  of  the  marine  acid  with  the  marine 
alkali.  If  oil  of  vitriol,  or  the  vitriolic  acid  be 
added,  the  alkali  will  quit  its  acid  to  unite  by 
ftronger  affinity  with  the  acid  laft  added,  with 

which 
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which  it  win  form  g new  fait,  called  Glauber *s 
fait,  while  the  marine  acid  being  difengaged,  flies 
ofl^  in  an  elaftic  form. 

D When  two  compounds,  confifting  each  of  two 
principles,  are  prefented  to  each  other,  and  the 
combinations  change  the  order  of  their  principles, 
becaufe  the  attradions  of  one  principle  of  the  one 
to  one  principle  of  the  other,  and  of  the  remaining 
principle  of  the  one  to  the  remaining  principle  of 
the  other,  are,  together,  ftronger  than  the  attrac- 
tions that  tend  to  preferve  the  original  form,  the 
two  decompofitions,  and  two  new  combinations, 
are  faid  to  be  produced  by  double  affinity. 

Sal-ammoniac  is  compofed  of  the  marine  acid, 
combined  with  the  volatile  alkali,  or  fait  com- 
monly ufed  in  fmelling  bottles.  If  fal-ammoniac 
in  powder  be  mixed  with  flaked  lime,  the  marine 
acid  unites  with  the  lime,  and  the  water  of  the 
lime  joins  with  the  volatile  alkali,  which  rifes  imme- 
diately in  penetrating  fumes.  This  mixture  being 
haftily  put  into  a retort,  the  water  and  volatile 
alkali  come  over  together,  by  the  affiftance  of  a 
gentle  heat,  in  the  form  of  a pungent  fluid,  called 
the  cauftic  volatile  alkali,  or,  by  apothecaries,  fpiric 
of  fal-ammoniac  with  quicklime.  In  this  procefs  it 
is  not  Amply  the  attraftion  of  the  marine  acid  to 
the  quicklime,  nor  the  attraftion  of  the  water  to  the 
alkali  that  occafions  the  double  change  of  combi- 
nation, but  it  is  the  united  force  of  both  atrradtions; 
for  if  dry  hot  quicklime,  that  is  to  fay,  quicklime 
containing  no  water,  be  made  ufe  of,  the  fal- 
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smmorilac  is  hot  decompofed,  the  fimple  attra£lioii 
of  the  marine  acid  to  the  quicklime  not  being  fuffi- 
cient  to  overcome  the  attraftion  of  its  componeht 
'principles. 

There  are  many  more  compounded  effects  of  the  e 
'mutual  ariradions  of  the  paits  of  bodies  in  various 
‘ circumftances.  To  interpret  thefe  is  a noble  tafk, 
but  not  ea’fyj  for  it  requires  an  extenfive  acquaint- 
ance with  fafts,  a lively  h^aginarion,  quick  and 
accurate  habits' of  reafoning,  and,  above  all,  a min’d 
‘free  from- prejudice* 

Fluids  m_  general  dilTolve  a greater  quantity  of  f 
'any  fubftance  vVhen  the  temperature  is  higher  ^ but 
this'  is  not  univerfally  true.  The  caufe  of  the  general 
falEt  fe'ems  to  be,  that  the  fluidity  of  the  matter  in  folu- 
tion  maybe  better  maintained  (128,  u)  at  a higher 
temperature  j that  in  partial  Iblutions,  where  all  the 
principles  are  not  taken  up,  the  heat,  by  volatilize 
ing  fome  principles,  may  render  the  folution  of  the 
refidue  more  eafy : and  the  reafon  why  in  fome 
cafes  lefs  is  taken  up  by  a fluid  at  a higher  than 
at  a lower  temperature  is,  probably,  that  the  gene- 
ral effect  of  heat  being  to  oppofd  (113,  x)  the 
attractions  between  bodies  may  operate  more 
ftrongly  than  the  other  caufes  here  taken  notice  of. 

Thus,  for  fexample>  if  water  be  made  to  boil  on 
faltpetre,  it  will  dilTolve  a confiderable  quantity ; 
but  if  the  clear  folution  be  poured  into  another 
velTel,  and  fuffered  to  cool,  a great  part  of  the 
fait  will  feparate  in  a folid  form.  On  the  con- 
trary, if  the  acid  of  nitre,  commonly  called  fpirit 
* VotrlL  L of 
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of  nitre,  be  taken  of  a given  ftrength  and  mpde- 
rate  temperature,  and  it  be  found,  by  previous 
experiment  with  a like  quantity  of  the  fame  acid, 
how  much  quickfilver  it  will  dilTolve,  and  this 
quantity  of  quickfilver  be  added  to  the  acid  fo 
taken,  it  will  of  courfe  difappear  by  gradual 
folution:  if  then  the  temperature  of  the  whole 
be  increafed,  a great  proportion  of  the  quickfilver 
will  be  again  let  go  *,  and  that  before  the  heat 
has  rifen  to  the  boiling  water  point. 

G Chemical  proceflTes,  in  which  water  is  a princi- 
pal agent,  are  faid  to  be  performed  in  the  moifi: 
way  : thofe  which  are  performed  at  high  tempera- 
tures, and  wherein  water  is  little,  if  at  all,  con- 
cerned, are  faid  to  be  performed  in  the  dry  way. 

* In  its  metallic  form.  This  curious  fa6l  was  communi- 
'cated  by  Mr.  Babington. 
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CHAP.  IV. 

OF  THE  FIRST  COMPONENT  PRINCIPLES  OF  BODIES, 
OR  SUCH  AS  ARE  THE  MOST  SIMPLE. 

LL  bodies  are  parts,  either  ot  animal,  vege-  h 


rv  table,  or  mineral  fubftances.  During  the 
life  of  animal  and  vegetable  fubftances,  various 
procefles,  both  mechanical  and  chemical,  are  car* 
ried  on  within  them,  by  means  hitherto  very  im- 
perfeftly  explained.  The  principles  that  enter 
into  the  compofition  of  thefe  are  far  from  being 
fimple.  As  foon  as  their  ftrudure  is,  by  violence 
or  otherwife,  fo  impaired  as  to  deftroy  life,  the 
arrangement  of  chemical  principles  begins  to 
change.  Decornpofitions  and  new  combinations 
take  place  among  the  folid  as  well  as  the  fluid  parts. 
.The  organization  of  the  veflels  is  deftroyed,  and 
after  a certain  time  the  whole,  as  far  as  obferva- 
tion  can  follow  the  proceflfes,  returns  to  the  ge* 
neral  repofitory  of  minerals  or  unorganized  matter, 
from  which  it  originated,  and  cannot  again  be 
diftinguilhed. 

The  fimpleft  bodies  arc  air,  water,  falts,  earths,  i 
and  inflammables.  Many  chemical  philofbphers 
of  the  firft  eminence  are  now  bufied  in  difcovering 
or  afcertaining  the  component  parts  of  thefe  j but 
the  limits  of  the  prefent  work,  as  well  as  its  in- 
tention, will  not  admit  of  entering,  except  occa- 
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fionally,  into  the  confideration  either  of  the  fa£ls 
/ or  theories  they  Jiave  exhibited  to  the  world. 

K.  Many  lubftahees  may  aflame  the  aerial  form, 
either  by  their  difengagement  by  ftronger  affinity 
(143,  c)j  or  by  increafing  their  temperature,.  Air 
is  diftinguiffied  from  tranfparent  vapor  by  its  more 
permanent  elafticity,.  It  is  probable  that  this  dif- 
ference confifts  in  the  greater  aptitude  of  vapor 
for  imparting  its  heat  to  other  bodies,  or  com- 
bining with  them.  TlKre  are  fever-al  kinds  of  air 
xhat  lofe  their  elafticity  and  combine  with  water, 
if  prefented  to  them ; and  there  are  others  that 
cannot  be  kept  in  an  elaftic  form  for  any  length 
•of  time,  merely  becaufe  of  their  aptitude  to  com- 
•bine  with  every  fluid  that  has  hitherto  been  ufed 
to  confine  them. 

L . When  air  is  clalTed  among  Ample  fubftances,  no- 
thing more  is  therefore  to  be  underftood  than  that  a 
‘ . variety  of  principles  are  obtainable  in  this  forrn, 
miKh  more  Ample  than  it  is  probable  they  will 
ever  be  met  with  in  any  other. 

M Water  enters  as  a Ample  fubftance  into  the 
'CompoAtion  of  many  bodies.  There  are  no  un- 
equivocal proofs  of  its  having  ever  been  changed 
•N  or  decompofed  in  any  chemical  procefs.  Yet  if 
inflammable  air  and  pure  air  be  burned  together, 
water  is  produced  which  is  faid  to  be  equal  in 
weight  to  the  quantities',  of  air  made  ufe  of. 
Whence  it  is  concluded,  that  water  is  compofed 
•of  thofe  airs  combined  together  in  the  heat  of  com- 
..buflion  (141,  t),  during  which  ad,  the  latent  heat 

(118, 


$AlfTS.  -EARTHS. 


.149 

V.  n)  that  maintaiiied  the  aerial  form 
is  given  out. 

The  pureft  natural  water  is  rain,  colkdted  at  a o 
•iillilance  from  trees-  oi-  buddings.  For  chemical 
purpofes,  water  fliould  be  dihilled  in  glafs  veffels, 
with  a heat  not  fufficicnt  to  make  it  boil,  and  no 
more  than  two-thirds  of  the  whole  quantity  Ihould 
be  drawn  off.  The  lighteft,  cleareft,  and  moft  . 
taftekfs  water,  which  lathers  well  with  foap,  is 
purer  than  fuch  waters  as  are  deficient  in  there 
qualities. 

Salts  are  fuch  bodies  as  are  diffolvable  for  the  p 
moff  part  in  lefs  than  two  hundred  times  their 
weight  of  boiling  water,  and  more  or  lefs  affedt 
the  organ  of  tafte.  They  liquefy  by  heat,  which 
caufes  them  to  evaporate,  either  in  part  or  to- 
tally, according  to  the  component  parts  of  the 
fait,  and  the  intenfity  of  temperature. 

Simple  falts  are  either  acids  or  alkalis.  Com- 
pound  falts  are  either  combinations  of  acids,  with 
alkalis,  which  are  called  neutral  falts  j of  acids 
with  earth,  called  middle  falts  j of  acids  witli  me- 
tals, called  metallic  falts ; or  combinations  of  diefe 
with  each  other. 

Earths  ai'e  taftelefs  brittle  fubftances,  differing  r 
from  falts  by  their  lefs  folubility  in  water,  the 
diftinguifhing  limit  being  not  founded  in  nature, 
but  arbitraj-y.  Water  at  a high  temperature,  as 
when  confined  in  the  ftrong  metallic  veffel  called 
Papin’s  Digefter,  wUl  diffolve  fome,  and  probably 
ail  earths.  The  fubftances  claffed  under  this 
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title  arc  not  foluble  in  the  open  air  in  lefs  than 
between  fix  and  feven  hundred  times  their  weight 
of  boiling  water.  They  are  not  fufceptible  of  the 
•metallic  luftre.  • In  the  fire  they  are  fixed.  A low 
heat  does  not  alter  their  form  or  other  properties, 
and  fimple  earths  are  not  fufible  alone,  by  the 
moft  violent  heat  that  art  can  produce. 

Simple  earths  are  five ; calcareous  earth,  or  pure 
quick-lime  j ponderous  earth  j magnefia ; argilla- 
ceous earth,  or  pure  clayj  and  filiceous  earth. 
Thefe  earths  have  never  yet  been  decompofed. 
Like  all  other  fimple  fubflances,  they 'are  never 
found  pure,  but  the  methods  ufed  in  chemiflry 
can  eafily  feparate  them  from  the  matters  they 
may  happen  to  be  either  combined  or  mixed 
with. 

Inflammables  are  fuch  bodies  as  with  aecefs  of 
pure  air  are  capable  of  maintaining  the  aft  of 
combuflion  (124,  n).  It  is  not  eafy  to  explain 
this  wonderful  procefs.  According  to  the  great 
STAHL,  all  inflammable  bodies  contain  a prin-i» 
ciple  called  Phlogiflon,  This  principle  is  fcarce- 
ly  to  be  exhibited  alone,  becaufe  its  great  ten^ 
dency  to  combination  caufes  it  to  adhere  fo  forci- 
bly to  the  principles  it  may  be  united  with  as  not 
to  quit  them,  but  in  its  palfage  to  feme  othei- 
principles  to  which  it  may  have  a greater  affinity, 
The  affinity  of  phlogiflon  to  pure  air  is  taken  to 
be  greater  than  its  affinity  to  mofl  fubflances  that 
contain  it.  Upon  a proper  increafe  of  tempera- 
ture (141,  t)  in  the  inflammable  fubflance,  and  the 
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pure  air  contiguous  to  it,  a rapid  decompofition 
takes  place.  The  phlogifton  quits  the  fubftance 
to  unite  with  the  air,  and  the  procefs  goes  on, 
if  a Efficient  quantity  of  air  be  prefent,  till  the 
body  is  deprived  of  the  whole  or  moft  part  of  its 
phlogifton,  at  which  time  it  is  faid  to  be  calcined 
or  burned. 

It  is  the  difcovery  of  Dr.  Adair  Crawford,  that  u 
the  capacities  of  bodies  for  heat  are  left,  the  more 
phlogifton  they  contain.  Whence  the  great  increafe 
of  temperature  in  combuftion  is  fhewn  to  arife  from 
the  heat  rendered  fenfible  in  confequence  of  the  ca- 
pacity of  the  air  being  diminilhed  by  phlogiftication*. 

The  fimpleft  inflammable  fubftances  are,  in-  v 
flammable  air,  diamond,  plumbago,  fulphurs, 
and  metals.  More  compounded  inflammable  mat- 

* A refpeftable  number  of  cbemills,  chiefly  French,  do 
not  admit  the  exiftence  of  phlogifton,  but  explain  the  pro- 
cpfles  in  which  phlogifton  is  faid  to  be  concerned,  in  another 
way.  According  to  them,  it  is  not  the  fubtradion  of  phlo- 
gifton, but  the  addition  of  air  that  converts  metals  into 
calces  5 and  in  procefles  for  the  redudion  of  calces  the  metal 
is  faid  to  be  revived,  not  by  the  acceflion  of  phlogifton, 
but  by  the  lofg  of  the  air  that  had  combined  with  it.  This  is 
the  leading  feature  of  the,  new  theory  maintained  by  fads 
and  dedudions,  which,  if  they  fhould  fail  in  overthrowing 
the  dodrine  of  Stahl,  will,  however,  be  of  great  advantage 
to  fcience,  in  many  refpeds.  This  important  fubjed  cannot 
be  here  difcufibd  : the  theory  which  admits  the  exiftence  of 
phlogifton  will  be  adhered  to  in  this  work,  becaufe  it  is  the 
moft  generally  received,  and  becaufe  the  author  thinks  it  the 

mpft  probable  ot  the  two. 
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Uer  arc,  hepatic  air,  fpirit?,  ether,  oibj  bitumen^jc 
coalj  and  generally  all  animal  and  vegetable  fubr 

fiances  in  their  natural  date.  

w When  a metal,  either  by  cornbuftion  or  other- 
wife,  is  deprived  of  a part  of  its  phlogifton,  it; 
lofes  its  malleability,  affumes  naany  of  the  proper- 
ties of  an  earth,  and  no  longer  exhibits  the  luftre 
peculiar  tt)  this  clafs  of  bodies.  In  this  ftatc  it 
is  called  a calx,  and  forms  copibinations  with  fa-, 
line  fubftances.  When  the  metallic  ftate  is  re^. 

4 

ftored,  by  adding  phlogifton  to  a metallic  calx,, 
the  inetal  is  faid  to  be  revived.  , 

X Every  fobftance,  which  pafles  from  a fluid  to 
a folid  ftate,  appears  to.  have  its  parts  arranged 
in  a fymmetrical  order,  that  extends  to  a greater 
or  kfs  number  of  particles,  accordingly  as  the 
influence  of  external  circumftances,  or  the  rapi- 
dity with  which  the  change  of  ftate  is  performed 
are  concerned  in  the  procefs.  Thus  we  fee  that 
moft  minerals  ^ faline  combinations,  whether  ob- 
tained by  folution  or  fublimation  j and  metals, 
if  fuffered  to  cool  flowly,  have  their  peculiar 
forms,  though  in  feme  more  evident  and  diftin-^ 
guifhable  than  in  others.  This  property,  called 
cryftallization,  is  by  fome  diftinguifhed  into  two 
lyinds : the  one  miade  in  a menftruum,  as  fait  cry- 
ftallizes  in  water,  and  the  ether  by  mere  cooling, 
as  when  water  freezes  alone.  • Thofe  who  afErm 
that  heat  is  matter,  imagine  it  to  be  the  medium 
in  which  this  laft  cryftallization  is  performed, 

' It 
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It  would  he  of  fingqlar  adv;intage  in  mineralogy;  y 
and  every  other  fcience  related  to  chemiftry,  if  the 
external  appearance  and  figure  of  .bodies  could 
be  applied  to  the  purpofe  of  knowing  what  clafs 
they  belong  Co.  This  is  indeed  done  with  Ibme 
fuecelsj  by  fuch  as  have  opportunities  of  esamin** 
ing  many  fpecimens  ; but  no.  general  rules  can  be 
eftabiifhedj  on  account  of  the  exceedingly  greac 
number  of  exceptions  tfiat  anie  fmm  circum'^ 
ftanees,  or  difierences  in  the  compound^  either  toa 
minute  for  the  chemical  analyfis  to  afcextain>  or 
apparendy  top  infignificant  to  excite  the  attention 
of  the  obferver,  7 
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Tia  METHOD  OF  MAKING  EXPERIMENTS,  ON  VA^ 
RIOUS  KINDS  OF’ AIR.  . 

Tp  XPERIMENTS  to  be  made  with  the  yan'pus  % 
-I—/  kinds  of  air  require  an  apparatus  of  veflels. 
proper  for  confining  it.  The  chief  are  diofe  w^. 
are  about  to  defcribe, 

^^§*.^57*  is  a, tub  for  containing  water.  In  a 

this  tub  is  fixed  a fhelf  k,  k,  fo  placed  that  it 
may  be  about  an  inch  below  the  furface  of  the 
water,  when  the  tub  is,  nearly  full;  b and  f are  , 
cylindrical  glafs  jars,  c is,  a bottle,  into  the- 
neck  of  which  the  bent  tube  d is  fitted,  by  grinds 
ing.  Supppfe  now  that  the  vefiel  b be  plunged 


m 


154  APPARATUS  FOR  MAKING 

in  the  water,  fo  as  to  be  filled,  and  afterwards  raifed, 
with  its  mouth  downwards,  and  placed  on  the 
Ihelf  K,  it  will  continue  full  of  water  on  the  prin- 
ciple of  the  barometer  j if  its  rim  be  made  to  over- 
hang the  edge  of  the  fhelf,  it  will  be  eafy  to 
introduce  the  end  of  the  tube  d beneath  it  j and 
if  the  veflel  c contain  fuch  matters  as  by  their 
a6lion  on  each  other  furnilh  air,  the  air  will  pafs 
through  the  tube  o,  and  rife  to  the  top  of  b,  expel- 
ling more  or  lefs  of  the  water.  A candle  may  be 
applied  beneath  c in  cafes  where  heat  is  wanted. 

B E is  a fmall  retort,  fuppofed  to  contain  materials 
that  afford  air  to  the  veffel  f. 

c Air  may  be  transferred  from  one  veffel  to  an- 
other by  the  help  of  a glafs-funnel  under  water. 
Thus  the  veffel  q being  fuppofed  to  be  previoufly 
filled  with  water,  and  placed  on  the  fhelf,  over  a 
hole  in  which  the  funnel  h is  ftuck,  the  air  may 
be  poured  out  of  the  veffel  i through  the  funnel 
into  G, 

' Many  kinds  of  air  combine  with  water,  and 
therefore  require  to  be  treated  in  an  apparatus  in 
which  quickfilver  is  made  ufe  of.  This  fluid  being 
very  ponderous,  and  of  confiderable  price  j motives 
both  of  convenience  and  ceconomy,  require  that 
the  apparatus  fhould  be  made  fmaller  than  when 
water  is  ufed. 

E Where  the  change  of  dimenfions  that  follows 
from  the  mixture  of  different  kinds  of  air  is  required 
to  be  afeertained,  a graduated  tube  (fig.  158.) 
is  made  ufe  of.  And  becaufe  the  falubrity  of  com- 
mon 
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mon  air  is  fuppofed  to  be  determinable  by  this 
means,  fuch  a tube  is  called  an  eudiometer  tube. 
There  are  apparatus  of  a lefs  fimple  cohftrudlion, 
which  are  intended  to  anfwer  the  fame  purpofe,  and 
are  called  eudiometers. 

*59‘  ^ glafs-apparatus  for  impregnating  r 

water  with  fixed  air.  It  confifts  of  three  veflels.  The 
lower  veflel  c has  an  orifice  or  neck  d,  with  a ground- 
Hopper  i the  vefiel  b is  fitted  by  grinding,  into  the 
neck  H of  the  veflel  d.  At  e is  a glafs-cockj  and 
in  the  lower  neck  of  the  middle  veflel  b is  a valve, 
opening  upwards.  This  valve  is  compofed  of  two 
tubes  of  glafs,  with  a moveable  plano-convex  lens 
between,  as  reprefented  in  fig.  i6o.  The  upper 
veflTel  A is  fitted,  by  grinding,  into  the  neck  i of 
the  veflel  b.  It  terminates  below,  in  a tubular 
form  G,  and  is  clofed  at  top  by  the  fliopper  f.  The 
procefs  is  thus  conduced.  Pieces  either  of  marble 
or  chalk  are  put  into  the  lower  veflel  c,  and  water 
poured  thereon  j the  veflel  b is  then  filled  with 
water,  and  placed  on  c,  by  inlerting  its  lower  part 
in  the  neck  h.  The  empty  veflel- a is  placed  in  like 
manner  on  b,  its  ftopper  f being  in  its  place.  Laft- 
ly,  a fmall  (quantity  of  oil  of  vitriol  is  poured  into 
the  orifice  d,  which  is  then  clofed.  The  vitriolic  g 
acid  combines  with  the  earthy  part  of  the  marble  or 
chalk,  and  difengages  the  fixed  air  that  entered  into 
its  combination,  which,  of  courfe,  pafles  through 
the  valve  at  h,  to  the  upper  part  of  the  veflel  b.  The 
dilplaced  water  being  prevented  from  defeending  by 
the  valve,  is  forced  up  through  the  tube  g into  the 

veiTel 
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yefiel  a ; at  the  fame  lime  that  the  common  air  in 
this  laft  velTel  is  partly  condenfed,  and  partly  efcapes, 
l>y  lifting  the  ftopper  f,  which  is  ground  conical,  te 
prevent  its  {ticking.  When  the  water  in  b has  de- 
fcendcd  as  low  as  the  orifice  of  g,  the  fixed  air  pafies 
up  through  the  tube  jnfiead  of  water,  and  expels  the 
coipmon  air  from  the  upper  part  of  a.  Both  fur- 
faces  of  the  water  being  thus  expofed  to  the  fixed 
air,  this  fluid  gradually  abforbed,  gives  the  water 
tlaat  lively  fubacid  tafte,  which  is  the  diftinguifli- 
ing  charader  of  the  Pyrmont  water. 

, Thofe  who  are  not  provided  with  the  apparatus 
here  defcribed,  may  fupply  its  place  by  the  help  of 
utenfils  that  are  every  wh«'e  to  be  met  with,  a 
(fig.  l6x.)  is  a.  half-pint  phial  j B a bladder,  whofe 
neck  is  tied  round  a cork  that  fits  the  mouth  of  a, 
and  has  a hole  made  through  it  with  a heated  wire. 
The  fame  bladder  is  feen  at  d,  with  a bent  tube  e 
iluck  in  the  hole  of  the  cork.  In  the  pliial  a is 
ehall'C,  with  water  acidulated  with  oil  of  vitriol.  The 
fixed  air  that  rifes  is  received  in  the  bladder,  previa 
oufly-  moiftened.  While  the  bladder  is  filling,  a 
quart  botde  e,  full  of  water,  is  to  be  inverted  into 
the  bafon  f,  which  likewife  containing  a little  water, 
prevents  the  common  air  from  rifing  into  c.  As 
foon  as  the  bladder  is  filled  it  is  taken  from  the 
phial  A.  The  tube  e is  inferted,  and  its  orifice 
carefully  placed  under  the  mouth  of  the  quart  bottle 
e,  as  in  the  figure.  The  bladder  being  then  prelfed, 
the  fixed  air  afeends  to  the  upper  part  of  c at  the 
lame  time  that  an  equal  bulk  of  water  defeends  into 

the 
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the  bafon.  By  agitating  the  bottle  c,  without  with- 


drawing its  neck  from  the  water,  the  fixed  air  be- 
comes abforbed  in  a few  feconds,  and  the  water 
reafcends.  This  procefs  being  repeated  two  or  three 
times,  the  water  becomes  faturated,  as  appears  by 
the  fixed  air  being  no  longer  ablbrbed. 

Though  this  method  poflefles  the  advantage  of  i 
convenience,  to  fuch  as  cannot  ufc  the  other,  yet,  it 
'does  not  produce  fo  flrong  an  impregnation  j partly,  ■ • 
becaufe  the  water  takes  up  more  fixed  air  when  con- 
denfed  by  prelTure,  and  partly,  becaufe  in  this  lafi: 
method  the  water  in  the  bafon  being  expofed  to  the 
atmofphere,  gives  out  a portion  the  fixed  air 
it  contains.  ) 
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CONCERNING  WATER,  ACIDS,  AND  ALKALIS. - 

H E properties  of  water  have  been  fo  ofien  k 


i adverted  to  in  the  former  parts  of  this  Treai- 
tife,  that  it  is  die  Ids  necefiary  to  treat  them  diffij^  - 
fivdy  in  this  place.  Water  in  freezing  ufually  j 
aflumes  a fymmetrical  form,  which  is  that  of 
needles  crofling  each  other  at  angles  of  6o*?  or 
1 20^ . This  arrangement  of  the  parts  occafions  the 
mafs  to  occupy  confidcrably  more  fpace  than  be- 
fore, and  the  expanfion,  which  is  performed  almoft 
inftantly,  is  effeded  with  fuch  prodigious  force,  that 
no  vefiel  has  yet  been  ufed  that  can  withftand  it. 


Bomb- 
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Bomb-iliells  and  gun -barrels  have  been  broken  By 
freezing  water  in  them. 

L From  this  expanfion  it  is,  that  ice  is  fpecificaily 
lefs  heavy  than  water,  and  confequently  floats  upon 
its  furface. 

M It  is  equally  difHcult  to  afcertain  any  limits  to  the 
force  with  which  water  in  a ftate  of  vapour  may  be 
expanded  by  heat. 

N Water  is  fo  univerfal  a folvent,  and  enters  into  fb 
many  chemical  procefles,  that  moft  philofophers 
overlook  its  agency,  in  the  confi deration  of  fadls 
it  is  concerned  in  : and  to  this  circumftance  it  is, 
perhaps,  chiefly  owing,  that  its  component  parts 
have  hitherto  been  undifcovered. 

o Acids  are  falts,  which  are  four  to  the  tafte. 
They  convert  the  blue  colour  of  tinfture  of  helio- 
tropium  * to  a red,  and  caufe  an  ebullition  or 
efcape  of  air,  if  applied  to  chalk  or  mild  alkalis. 
The  affinity  of  the  purer  acids  for  water  is  fuch, 
that  for  the  moft  part  they  cannot  be  obtained  In  a 
concrete  ftate ; and  their  action  on  other  fubftances 
is  fo  general,  that  they  are  never  found  pure,  but 
require  the  affiftance  of  art  to  render  them  fo. 

F The  acids  found  in  the  mineral  kingdom  are,  the 
aerial  acid  or  fixed  air ; the  vitriolic  acid,  known  in 
commerce  by  the  name  of  oil  of  vitriol ; the  nitrous 
acid,  called  fpirit  of  nia*e  ; the  marine  acid,  called 
Ipirit  of  fait i the  acid  of  fpar,  or  fparry  acid;  the 
acid  of  borax,  called  (edative  fait ; the  fuccinous 
acid,  or  acid  of  amber;  the  pholphoric  acid;  the 

* Called  litmus  by  the  dyers.  , 
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acid  of  molybdena ; the  acid  of  arfenic,  and  the  acid 
of  tungften  or  wolfram. 

The  vegetable  kingdom  affords  many  acids : 
thofe  which  have  been  examined  chemically  are 
vinegar,  the  acids  of  tartar,  of  fugar,  of  forrel, 
of  lemons,  and  of  benjamin. 

The  acids  peculiar  to  the  animal  kingdom  are  r 
the  acids  of  milk,  of  fugar  of  milk,  of  ants,  of  tal- 
low, of  pruflian  blue,  and  the  acidum  perlati. 

Vegetable  and  animal  acids  are  fo  far  from  being  s 
fimple,  that  many  of  them  are  refolvable  into  air 
by  the  procefs  of  diftillation.  The  aerial  and  the 
phofphorio  acids,  though  enumerated  in  the  mineral 
kingdom,  are  alfo  obtained  in  great  quantities,  both 
from  animal  and  vegetable  matters. 

Modern  chemiftry  has  difcovered  many  acids,  t 
and  there  is  good  reafon  to  expeft  that  their  com- 
ponent parts  will  be  difclofed  by  the  labours  of  our 
cotemporaries  j but  the  alkaline  falts  ftill  remain  no 
more  than  three  in  number,  and  have  not  hitherto 
been  treated  in  any  method  that  promifes  a fatisfac- 
tory  analyfis.  They  have  a peculiar  cauftic  urinous 
tafte,  and  convert  the  blue  colour  of  the  tindlure  of 
heliotropium  to  a green. 

The  vegetable  fixed  alkali,  impure  famples  of  u 
which  are  met  with  in  commerce,  under  the  names 
of  fait  of  tartar,  pot-afli,  pearl-afh,  &c.  is  moft 
plentifully  obtained  from  vegetable  fubftances. 

The  mineral  fixed  alkali  is  met  with  in  an  im-  v 
pure  ftate,  in  commerce,  under  the  names  of  kelp, 
barilla,  foda,  or  fait  of  Ibda.  ft  is  found  in  the 

earth, 
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cai'th,  either  pure  or  in  combination  with  other 
matters.  The  fea  contains  immenfe  quantities  osi’ 
. it,  where  it  is  one  of  the  conftituent  parts  of  com- 
mon fait,  and  it  is  the  moft  profitably-  obtained 
from  vegetables  that  contain  fea-falt. 
w The  volatile  alkali  is  fold  by  the  apotheearies 
' under  the  name  of  fmelling  falts,  or  fal-volatile, 
in  which  ftate  it  is  combined  with  a large  portion 
of  aerial  acid.  It  is  moft  pl^tifully  obtained  from 
^ animal  fubftances,  being  combined  in  them  with 
other  principles.  Tlie  procefs  of  putrefadfion 
throws  it  oft  into  the  air,  together  with  other 
volatile  matters  tliat  vitiate,  and  often  ^hfguife  its 
Tmeli. 

X Alkalis,  combined  with  the  aerial  acid,  are  faid 
- to  be  mild  ; when  they  are  divefted  of  every  acid 
•they  are  called  cauftic.  - , . • : . . : 
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THE  PROPERTIES  OF  SIMPLE  OR  PRIMITIVE 

EARTHS. 

ACCAREOUS  earth  is  in  a tolerably  pure  T 


(late  in  common  quicklime.  If  pounded  chalk 
be  feveral  times  boiled  in  diftilled  water  to  fepa* 
rate  by  folution  fuch  faline  matters  as  may  be 
found  in  it,  the  remainder  will  confift  almoft 
entirely  of  calcareous  earth,  united  to  about  an  equaj 
weight  of  fixed  air,  or  aerial  acid.  If  dijlilled  vine*- 
gar  be  added  to  this  powder,  it  will  form  a falin? 
combination  with  the  earth  only,  at  the  fame  time 
that  the  fixed  air,  afluming  an  elaftic  form,  flies  off. 
To  this  folution,  decanted  from  the  impurities,  mild 
volatile  alkali  being  added,  the  alkali  will  unite  with 
the  vinegar,  while  the  calcareous  earth  combines 
with  the  fixed  air  of  the  alkali,  and  falls  to  the  bot^ 
tom.  This  powder,  well  walhed  and  dried,  is  pure 
chalk,  or  calcareous  earth  united  with  fixed  air. 
This  laft:  may  be  driven  off  by  fire,  and  will  leave 
the  pure  calcareous  earth  difengaged. 

Calcareous  earth  requires  about  fix  hundred  and  ^ 
eighty  times  its  weight  of  water  to  diflblve  it  at  the 
temperature  of  60®,  to  which  it  gives  a pungent 
tafte.  This  water,  called  lime water,  acquires  a 
white  cruft  on  the  furface,  by  expofure  to  the 
atmofphere,  which  breaks  and  falls  to  the  bottom^ 
another  cruft  forming  foon  after,  and  fg  qn  till  the 
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whole  of  the  lime  is  precipitated.  The  precipitate 
is  chalk,  or  mild  calcareous  earth ; whence  the  pro- 
cefs  may  be  eafily  explained.  For  chalk  is  fcarcely, 
if  at  all,  folubie  in  water : and  the  lime  contained 
in  the  water  being  converted  into  chalk,  by  the 
accefllon  of  fixed  air  from  the  atmofphere,  becomes 
an  infoliible  cruft,  that  falls  at  intervals,  as  its 
quantity  becomes  too  great  to  be  fupported  at  the 
furface. 

A This  earth  is  folubie  in  all  acids.  It  is  infiifible 
in  every  degree  of  heat  yet  obtained,  except  that 
of  the  famous  lens  of  Parker,  in  London,  w^hich 
produced  a flight  beginning  of  fufion.  Yet  it 
will  melt  in  a more  moderate  heat,  if  mixed  with 
other  earths,  of  which  it  appears  to  be  the  flux  or 
folvent. 

B The  fpecimens  of  calcareous  earth  are  very 
many.  ‘Lime-ftone,  chalk,  many  kinds  of  mar- 
ble,'and  almoft  every  one  of  the  numerous  varie- 
ties of  Ipars,  whether  tranfparent  or  opake,  confift 
of  this  eartli  combined  cither  v/ith  the  aerial  or 
fome  other  acid.  Aerated  calcareous  earth  may 
be  known  to  predominate  in  any  mineral,  when  it 
froths  on  the  application  of  an  acid. 

« Terra  ponderofa,  or  ponderous  earth,  is  not 
met  w’ith  in  abundance.  The  commoneft  fpeci- 
mens are  the  ponderous  fpar,  or  marmor  metalli- 
rum,  fo  called  from  its  great  weight,  beft- known 
to  our  Englifli  miners  by  the  name  of  cawk. 
It  is  met  with  opake,  w'hite,  grey  or  yellowlfli,  either 
irregularly  lhaped,  or  in  a Angular  form,  refem- 
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bHng  convex  lenfes,  fet  edgewife  into  the  mafs 
it  adheres  to.  The  traniparent  fpecimens  are  priA 
mical,  and  of  confiderable  hardnefs.  All  thefe 
confift  of  ponderous  earth,  combined  with  the  vi- 
triolic acid. 

Ponderous  earth,  combined  with  the  aerial  acid,  d 
has  been  found  at  Alfton  Moor,  in  Cumberland. 

It  refembles  alum,  but  is  of  a ftriated  texture,  and 
its  fpecific  gravity  is  4,331. 

If  the  ponderous  fpar,  or  ponderous  earth  com-  £ 
bined  with  the  vitriolic  acid,  be  expofed  to  a ftrong 
red  heat,  for  about  two  hours,  with  near  twice 
its  weight  of  fixed  alkali,  the  acid  quits  the  earth 
to  combine  with  this  laft,  forming  a neutral  fait, 
which  may  be  waflied  away,  and  leaves  the  earth 
combined  with  fixed  air  and  water.  The  fixed 
air  may  be  expelled  by  heat. 

Pure  ponderous  earth,  thus  obtained,  is  foluble  f 
in  about  nine  hundred  times  its  weight  of  water. 
This  water  refembles  lime-water  in  tafte,  and  de- 
pofits  its  earth,  by  expofure  to  the  air,  in’ the  fame 
manner. 

The  properties  of  ponderous  and  calcareous  G 
earth  agree  in  many  refpedls ; but  in  others  they 
differ  fo  much,  as  clearly  to  evince  that  they  are 
not  one  and  the  fame  earth,  as  has  been  fuf- 
pe6led 


* See  Bergman’s  Works,  Kinvarv’s  Mineralogy,  and  With- 
ering on  the  terra  ponderofa  aerata,  in  Phil.  Tranf.  for  1784. 
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1^4  magnesian,  argillaceous, 

H Magnefia,  or  magnefian  earth,  enters  into  the 
compofition  of  fome  earthy  fubftances,  the  ^hief 
of  which  are  fteatites,  foap-roeh,  French  chalk, 
afbeftos,  and  talk.  It  is  in  tlje  fea-water  in  great 
quantities,  combined  either  with  the  marine  or 
vitriolic  acids.  Fplbm  fait  is  a combination  of 
the  vitriolic  acid  with  magnefia.  If  this  be  dif- 
folved  in  water,  and  mild  volatile  alkali  added, 
the  magnefia  is  precipitated  in  combination  with 
the  fixed  air,  while  the  aljcali  unites  with  the  vi- 
triolic acid.  The  magnefia  thus  obtained,  con- 
tains one  fourth  of  its  weight  in  fixed  air,  and 
about  the  fame  quantity  of  water.  Both  are  driven 
olF  by  fire,  by  which  the  magnefia  is  rendered 
pure,  and  has  fomewhat  lefs  than  half  the,  weight 
it  pofiTeffed  in  its  former  mild  ftate. 

I Clay,  or  argillaceous  earth,  is  found  every  where 
in  great  quantities,  but  in  tlie  native  fpeci.mens 
k is  always  mixed  with  a confiderable  quantity  of 
■Other  earths.  Alum  is  a fait,  confifting  of  argil- 
laceous earth,  combined  with  the  vitriolic  acid. 
If  it  be  diflblved  in  water,  and  the  mild  volatile 
alkali  added,  this  lall  unites  with  the  acid  while 
the  earth  is  precipitated,  combined  with  a fmall 
proportion  of  the  aerial  acid. 

tt  Argillaceous  earth  imbibes  water  ftrongly,  but 
is  fcarcely  Ibluble  therein.  When  fufiiclently  di- 
vided, it  forms  a tenacious  mafs  with  water,  fo 
as  to  admit  of  being  moulded  into  various  forms. 
It  contrads  very  much  by  heat,  and  acquires  a 

flinty 
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Its 

flinty  hardnefs  by  baking,  which  does  not  theft 
fuffer  any  alteration  from  wafer  j though  its  origi- 
nal foftnefs  and  tenacity  may  be  again  rcftored  by 
folution  in  acids,  and  precipitation. 

This  earth,  which  is  fo  ufeful  in  the  arts,  has  l 
been  applied  with  great  fuccefs  to  the  admea^ 
furement  of  the  higher  degrees  of  heat.  For  as 
the  cxpanfion  of  the  mercury,  in  a common  tlief* 
mometef,  indicates  the  fucceffiv'e  au^entatiohs  of 
temperature,  fo  the  contradlions  of  the  volume 
of  a fmall  brick  of  clay,  by  expofure  to  ignition, 
are  found  to  be  greater,  the  more  violent  the  heat. 

By  the  help  of  which  property  we  are  in  pofleflloh 
of  an  invaluable  method  of  meafuring  and  cofti^ 
paring  thofe  high  temperatures. 

Siliceous  earth,  which  is  alfo  called  cryftailine,  m 
or  vitrifiable  earth,  abounds  in  many  fubftanees. 
Cryftal  is  one  of  the  pureft  (pecimens.  Extreme 
hardnefs  is  moft  commonly  a charaifberiftic  of  fiJi-«^ 
ceous  earths,  fo  that  ftones,  in  which  if  predo* 
minates,  will  ftrike  fire  with  fteel,  or  at  leaft  will 
fcratch  its  furface,  however  highly  tempered. 

To  procure  filiceous  earth  in  a pure  ftate,  clear  N 
cryftals,  or  quartz,  mull  be  reduced  into  powder, 
and  melted  with  four  times  its  weight  of  fixed 
alkali.  The  compound  is  then  to  be  diflblved 
in  water,  and  the  vitriolic  acid  added  in  confi- 
derable  quantity.  The  alkali  and  acid  unite  to- 
gether, forming  a fait  that  remains  in  folution  : if 

* By  J.  Wedgwood,  Efq.  See  the  Phil.  Tranf. 
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there  be  any  other  kind  of  earth  prefent,  it  will 
likewifc  combine  with  the  fuperfluous  acid.  But 
the  filiceous  earth  being  difengaged,  falls  to  the 
bottom  in  a fubtile  powder,  which  muft  be  cleared 

.*  of  the  faline  liquor  by  decantation,  and  repeated 
walking  with  pure  water. 

o This  earth  is  aded  on  by  no  acid  but  the  acid 
of  fpar,  or  fluor.  Fixed  alkalis  dilTolve  it,  either 
in  the  dry  or  moift  way.  Like  the  other  earths, 
it  is  not  fufible  without  addition  by  any  heat  yet 
obtained. 

p Though  the  fimple  earths  are  all  infufible  alone, 
yet  they  may  be  fufed  by  mixture  with  each  other. 
The  calcareous  earth  is  found  to  adt  as  a men- 
ftruum  in  dilTolving  other  earths  by  fufion  j and 
when  it  has  once  adled  on  any  earth,  a compound 
menftruum  is  formed,  which  is  Hill  more  effica- 
cious on  other  earths.  Hence  it  is  that  equaj 
parts  of  any  three  of  the  fimple  earths  may  be  fufed 
into  glafs,  provided  calcareous  earth  be  one  of  the 
number. 


CHAP. 


PHLOGISTON. 


jSj 


CHAP.  VIII. 


CONCERNING  THE  PROPERTIES  OF  BODIES  IN 
WHICH  PHLOGISTON  ABOUNDS. 

LL  bodies  which  can  be  fubjeifled  to  the 


jL  \ aft  of  combuftion,  contain  a fubftance  ca- 
pable of  being  exhibited  in  the  form  of  inflam- 
mable air.  They  may  all  be  deprived  of  their  in- 
flammable air  by  combuftion,  except  the  noble 
metals;  and  thefe  do  not  invalidate  the  general 
conclufion,  becaufe  chemiftry  has  other  methods 
of  treating  them,  fo  as  to  exhibit  the  inflammable 
air  they  contain.  The  fimple  combuftible  bodies, 
after  having  been  burned,  may  be  reftored  to  their 
original  ftate,  by  renewing  the  inflammable  air 
they  had  loft;  and  in  this  operation  it  is  of  no 
confequence  what  the  fubftance  may  be  that  fup- 
plies  it.  For  thefe  and  other  reafons  it  is  infer- 
red, that  inflammable  air,  when  free  from  foreign 
admixtures,  is  one  and  the  fame  principle,  namely, 
the  principle  whereon  the  inflammability  of  bodies 
depends  on,  or  phlogifton. 

Phlogifton,  combined  with  fome  unknown  mat-  a 
ter,  forms  diamond;  with  acids,  it  forms  plum- 
bago, fulphur,  phofphorus ; with  calces,  it  forms 
metals,  and  in  its  combinations  with  water,  acids, 
and  perhaps  other  matters,  after  certain  modifica- 
tions not  clearly  underftood,  it  forms  ether,  ardent 
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fpirit,  oils,  amber,  bitumens,  coal,  and  various 
other  inflammable  bodies ; many  of  thefe  may  be 
exhibited  in  the  form  of  air. 

The  diamond  is  found  in  various  parts  of  the 
Mogul’s  empire,  and  alfo  in  the  Eaft  Indian  iflands 
and  the  Brazils.  It  is  ufually  of  an  o(ftohedral 
form,  though  not  unfrequently  in  round  mafles. 
-The  confent  of  mankind  has  flamped  a prodigious 
value  on  the  diamond.  Its  great  luftre,  which 
feems  to  have  been  the  property  that  originally 
attracted  thcir  notice,  is  owing  to  two  caufes.  The 
firft  is,  that  being  the  hardefl:  of  all  bodies,  it 
takes  and  preferves  a moft  exquifite  poliflij  and 
the  other  is,  that  its  refraflive  power  is  fo  much 
greater  than  that  of  any  other  medium,  as  to  oc- 
cafion  all  the  light  to  be  reflefbed  (i.  270,  a) 
which  falls  on  any  of  its  hinder  furfaces,  at  a 
greater  angle  of  incidence  than  24^  degrees.  Now 
at  a lefs  angle  of  incidence  in  glafs  on  the  internal 
furface  than  41  degrees,  the  light  will  be  tranf^ 
mitted.  Confequently,  if  an  artificial  gem  and  a 
real  • diamond  be  compared,  the  light  falling  on 
.each,  alike  fituated,  will  be  tlirown  back  with 
its  full  glare  from  a diamond,  not  only  in  all  the 
cafes  wherein  glafs  will  refledt  it,  but  likewife  at 
all  the  angles  between  41®  and  24^®,  while  the 
glafs  fuffering  it  to  pafs  through,  will  appear  life- 
lefs  and  dull.  It  is  no  wonder  therefore,  that  the 
effedt  of  the  diamond  is  fo  much  greater. 

No  acid,  but  the  vitriolic,  has  any  effedt  on 
this  gem  3 in  which,  if  diamond  powder  be  tri- 
turated, 
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turated,  and  evaporation  carried  on  nearly  to  dry-  / 
nefs,  the  acid  grows  black,  aOd  depofites  pellicles 
that  burn,  and  are  alrOoft  entirely  confumdd. 

In  a heat  fomewhat  greater  than  is  required  to  u 
itielt  filver,  diamond  is  entirely  volatilized  and  con^ 
fumed,  producing  a flight  flame,  and  leaving  a 
foot  behind. 

Plumbago,  or  black  lead  iifed  for  pencils.  Is  v 
not  foluble  in  the  mineral  acids,  and  is  totally  dif- 
fipated  or  Volatilized  in  a ftrong  h^at.  In  a red 
heat  it  is  decompofed  by  the  addition  of  nitre, 
with  which  it  deflagrates.  This  fubftance  is  found 
to  confift  of  the  aerial  acid  united  to  phlogiftori. 

Sulphur,  or  brimftone,  is  a compound  of  the  w 
vitriolic  acid  and  phlogifton.  Ic  is  Iblubld  in 
oils,  and  alfo  in  alkalis.  At  a temperature,  not 
much  greater  than  that  of  boiling  water,  it  eva- 
porates in  the  open  air,  and  is  decompofed  at 
the  fame  time,  emitting  a flame  which  by  day  has 
the  appearance  of  a white  fume,  but  in  the  dark 
is  luminous,  though  its  heat  is  fo  fmall,  that  it 
may  be  fuffered  to  play  againfl:  the  palm  of  tho 
hand  without  much  inconvenience.  At  a highet 
temperature,  it  burns  with  a vivid  blue  flame,  and 
is  decompofed  more  rapidly,  the  acid  taking  tho 
form  of  air  of  a moft  fuffocating  odour.  This  aif^ 
called  vitriolic  acid  air,  unites  with  water,  if  pre-' 
fent,  and  forms  the  volatile  vitriolic  acid. 

Sulphur  is  not  decompofed,  but  fublimes  en-  x 
fire,  if  expofed  to  heat,  without  accefs  of  air. 

Phofphoruli 
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y Phofphorus  differs  from  fulphur  in  the  nature  of 
its  acid.  Like  fulphur,  it  burns  with  two  kinds  of 
fiame,  but  is  much  more'  inflammable : for  a heat 
of  about  6o  degrees  is  fufficient  to  produce  the 
weaker  fiame,  and  at  i6o®  it  burfts  into  a ftrongly 
vivid,  and  moft  deftrudive  flame^  Its  acid  is  not 
volatilized,  but  remains  after  combuftion.  It 
fubiimes  entire  by  heat,  provided  air  be  not  pre- 
fcnt. 

z Metallic  fubftances  are  diftinguifliable  from  all 
other  bodies  by  their  great  fpecific  gravity  and 
opake  fhining  appearance.  They  are  compofed 
each  of  phlogifton,  united  to  a peculiar  heavy, 
dull,  brittle  fubftance,  called  a calx  (152,  w),  which 
in  fome  refpefts  refembles  earths.  Thefe,  when 
partially  deprived  of  phlogifton,  are  foluble  in 
acids,  and  form  falts.  Such  metals  as  are  not 

• calcinable,  to  any  fenfible  degree,  by  mere  heat, 
■with  accefs  of  air,  are  called  perfect  metals  j fuch 
as  arc  calcinable  by  fire,  are  called  imperfed. 
Metallic  fubftances  that  may  be  extended  by  ham- 
mering, are  called  metals,  in  contradiftindion  to 
fuch  as  are  more  or  lefs  brittle,  and  are  called 
femimctals.  All  metallic  fubftances  may  be  fufed 
without  addition ; and  if  the  accefs  of  air  be  ex- 
cluded, they  fix  again  by  cold,  without  having 
fuffered  any  lofs  or  change  of  their  conftituent 
parts.  They  all  condud  the  eledric  matter  with 
great  facility. 

Of  metals  hitherto  difeovered,  the  perfed  are 
gold,  platina,  and  filverj  the  imperfed  are  mer- 
cury, 
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cury,  or  quickfilver,  lead,  copper,  iron,  and  tin  ? 
the  femi-metals  are  bifmuth,  nickel,  regulus  of 
arfenic,  cobalt,  zink,  regulus  of  antimony,  regulus 
of  maganefe,  regulus  of  wolfram,  and  regulus  of 
molybdena. 

CHAP.  IX. 

OF  THE  VITRIOLIC  ACID,  AND  COMBINATIONS 
WHEREIN  IT  IS  A PRINCIPAL  PART. 

HE  vitriolic  acid,  fo  denominated  becaufe  » 


i obtained  from  the  fait  called  vitriol,  is  found 
in  great  quantities  united  to  phlogifton,  in  the  form 
of  fulphur.  Sulphur  is  either  found  native  in  the 
neighbourhood  of  volcanos,  or  united  with  earths 
or  metals.  One  of  the  moft  common  fulphureous  c 
compounds  is  the  pyrites,  or  mundic.  This  con- 
lifts  ufually  of  fulphur,  iron,  clay,  and  filiceous 
earth.  It  is  generally  of  a yellow  or  greyilh  co- 
lour, of  a globular  or  cubic  lhape,  internally,  ra- 
diated, or  fometimes  lamellar.  With  the  fteel  it 
ftrikes  fire  plentifully,  whence  its  name  is  derived. 

If  pyrites  be  expofed  to  heat  in  clofed  veflels,  the 
fulphur  fublimes ; but  in  the  open  air  it  is.  de- 
compofed  by  combuftion,  the  quantity  and  com- 
bination of  the  principles  left  in  the  mafs  being 
by  that  means  changed.  . . 

The  pyrites,  by  long  expofure  to  the  adion  of  o 
the  air  and  moifture,  fulFer  a remarkable  change 
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in  their  component  parts.  The  phlogiflon  of  the 
fulphnr,  by  ^ pfocefs  analogous  to  combuftion,  is 
th/own  off,  while  the  acid  and  water  unite  with  the 
iron,  forming  vitriol,  and  with  the  clay,  forming 
alum  (164,  i).  Thefe  may  be  obtained  by  folution 
in  water ; and  a fubfequent  evaporation  diminilhes 
the  quantity  of  the  folvent,  fo  as  to  caufe  the  falts  to 
feparate  in  the  form  of  cryftals. 

E If  vitriol  be  expofed  to  diftillation,  the  water  that 

entered  into  the  compofition  of  the  cryftals  rifts,  and 
afterwards  the  greateft  part  of  the  acid,  with  fomc 
of  the  phlogifton  of  the  iron,  leaving  a brown  mafs 
in  the  retort,  called  colcothar.  A fecond  diftillation, 
with  lefs  heat,  ftparates  the  phlogifticated  acid,  and 
leaves  the  denft  concentrated  vitriolic  acid  belund 

• 

F This  procefs  for  obtaining  the  vitriolic  acid 
is  not  now  ufed,  becaufe  a cheaper  method  has  been 
contrived  for  procuring  it  immediately  from  ful- 
phut.  A quantity  of  fulphur  and  nitre  grofsly 
mixed,  are  placed  in  a veffel  within  a fmall  cham- 
ber or  room,  lined  with  lead,  and  containing  Ibme 
few  inches  of  water  on  its  bottom.  The  fulphur  is 
lighted,  and  the  room'  clofed.  The  nitre  ferves  to 
maintain  the  combuftion,  by  fuppiying  pure  air,  and 
the  vitriolic  aCid  is  thus  volatilized  in  the  form  of 
air.  Which  (1^9,  w)  combines  with  the  water. 

T 6 expedite  this  Combination,  it  is  faid  that  fteam 
of  water  is  introduced  into  the  clofed  room  during 
the  combuftion.  By  a repetition  of  the  procefs,  the 
water  becomes  more  and  more  acid.  The  phlo- 
gifton is  diffipated  by  expofure  to  air,  and  Che  acid 
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IS  concentrated  by  diftilling  off  the  fuperfluous 
water. 

The  vitriolic  acid  is  denfe,  coiourlefs,  and  has  a 
a ftronger  tendency  to  combination  in  more  cafes 
than  every  other  acid.  It  may  be  fo  far  deprived 
of  water  as  to  become  concrete,  but  it  attrads  this 
fluid  fo  powerfully  as  to  deliquefce  by  expofure  to 
the  atmofphere  in  a fhort  time,  and  does  not  ceafe 
to  attraft  the  humidity  of  the  air  till  it  has  acquired 
more  than  hx  times  its  original  weight.  In  cafes 
where  a certain  quantity  of  air  is  required  to  be 
divefted  of  its  moifture,  it  may  be  performed  by 
placing  a cup,  containing  concentrated  vitriolic 
acid  under  the  receiver  tJiat  confines  the  air. 

This  acid,  and,  indeed,  every  other  chemical  h 
principle,  is  beft  known  by  the  phenomena  it  pre- 
fents,  and  die  combinations  it  produces  when  united 
to  other  bodies.  The  moft  common  of  thefe  are 
here  enumerated.  The  names  are  given  according 
to  the  Nomenclature  of  Bergman,  who  converts 
the  name  of  the  acid  in  any  combination  into  an 
adje(5Iive,  which  he  applies  to  the  bafe  or  other 
principle : fuch  other  fynonimes  are  likewife 
added  as  are  moft  commonly  ufed  by  chemical  or 
medical  writers. 

If  the  vitriolic  acid  be  poured  into  a folution  of  i 
the  vegetable  alkali,  to  faturation,  which  may  be 
determined  by  a fmall  quantity  of  the  liquid  pro- 
ducing no  change  of  colour  with  the  tinfbure  of 
heliotropium  (158,  o)  a neutral  fait  is  formed  that 
aftumes  the  figure  of  cryftals,  as  the  water  is  dimi- 
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niihed  by  evaporation.  This  is  called  vitriolatcd 
vegetable  alkali,  or  vitriolatcd  tartar,  and  contains 
thirty-one  parts  of  acid,  fixty-three  of  alkali,  and 
fix  of  water.  It  is  not  eafy  of  folution  in  water, 
requiring  fixteen  times  its  weight  to  diflblve  it  in 
the  temperature  of  6o^  j but  if  the  water  be  boiling, 
five  parts  are  fufficient.  • Vitriolatcd  tartar  is  ufed 
only  in  medicine. 

K.  The  vitriolatcd  mineral  alkali,  or  Glauber’s  fait, 
may  be  produced  in  the  fame  manner,  by  making 
ufe  of  the  mineral  alkali  inftead  of  the  vegetable* 
It  contains  fourteen  parts  of  acid,  twenty-mo  of 
alkali,  and  fixty-four  of  water,  and  refembles  vitrio- 
lated  tartar  in  many  of  its  propertie*?,  but  requires 
only  three  times  its  weight  of  water  to  diflblve  it  at 
the  temperature  of  60''.  Great  part  of  the  water 
that  enters  into  the  formation  of  the  cryftals  is 
dilTipated  by  expofure  for  fome  time  to  the  air,  the 
fait  gradually  falling  into  a white  powder  or  efflo- 
refcence. 

L Vitriolated  volatile  alkali,  or  vitriolic  ammoniac, 
contains  forty-uvo  parts  acid,  forty  of  alkali,  and 
eighteen  of  water. 

M Vitriolated  lime,  commonly  called  felenite, 
abounds  in  vafl;  quantities  in  nature,  and  accord- 
ingly as  its  external  appearance  and  texture  differs, 
it  is  called  gypfum,  lapis  fpecularis,  alabafter.  In 
the  temperature  of  60^  it  requires  about  five  hun- 
dred times  its  weight  of  water  to  diflblve  it,  and 
from  thence  was  formerly  reckoned  among  the 
earths,  though  its  component  parts  are  thirty  acid, 

thirtv- ' 


l 


VITRIOLIC  COMBINATIONS. 


*75 

thirty-two  earth,  and  thirty-eight  water.  By  expo- 
fure  to  heat  a little  below  ignition,  about  twenty 
parts  of  its  water  are  diffipated,  at  the  fame  time 
that  it  falls  into  a powder,  which  is  agitated  by 
the  vapours  that  efcape  in  fuch  a manner  as  to  caule 
the  appearance  of  boiling.  This  powder  is  known 
in  commerce  by  the  name  of  plafter  of  Paris,  and  is 
chiefly  ufed  for  making  ftatues,  and  other  articles 
that  receive  their  figure  from  a mould;  an  ufe  to  - 
which  it  is  admirably  adapted,  by  the  fpeedy  refump- 
tion  of  a folid  form,  .when  the  water  of  cryflaliiza- 
tion-  is  reftored  ; for,  if  the  powder  be  mixed  with 
water,  to  the  confiftence  of  thin  pafle,  it  may  be 
poured  j into  a mould,  and  will  run  into  all  the 
ftrokes  and  cavities  with  the  greateft  facility ; a few 
minutes  after  which,  the  water  that  maintained  the 
ftate  of  fluidity,  by  mere  mixture  with  the  powder, 
combines  intimately  with  it,  and  the  whole  mafs 
becomes  folid. 

Vitriolated  ponderous  earth,  or  marmor  metal-  n 
licum,  already  deferibed,  (162,  c)  contains  eighty- 
four  parts  of  earth,  thirteen  of  acid,  and  three  - 
of  water;  in  the  native  Ipecimens  it  is  infoluble, 
or  nearly  fo  in  water. 

Vitriolated  magnefia,  or  Epfom  fait,  contains  o 
twenty-four  parts  of  acid,  nineteen  of  earth,  andfifty- 
feven  of  water.  It  efflorefees  like  Glauber’s  fait, 
by  expofure  to  the  air,  and  requires  about  its  own 
weight  of  water  to  diflblve  it  in  the  temperature 
of  60'’, 
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p Vitriolated  clay,  or  alum,  contains  twenty rfour  parts 
of  acid,  eighteen  of  earth,  and  fiftyreight  of  water. 
Jts  cryftals  are  ufually  covered  with  a flight  efflorefr 
cencc.  In  about  fifteei)  times  its  weight  of  water  at 
the  temperature  of  60^^,  it  is  totally  diflblved  j but 
at  higher  degree^  of  heat  it  is  fbluble  in  ^ very 
fmall  quantity  of  that  fluid.  It  is  filled  even  by  its 
own  water  of  cryftallization,  and  boils  up  into  a 
frothy  mar§,  which  gradually  dries  into  a white 
frjable  fiibftanee,  called  calcined  alum.  Calcined 
alum  is,  however,  no  otherwife  changed  than  by  the 
lofs  of  its  water,  and  may  be  reduced  again  into  its 
original  form  by  reftoring  it. 

0,  Vitriolated  phlogifton,  or  fulphur  (169,  w)  is 
found  to  contain  fixty  parts  of  acid,  and  forty  of 
phlogifton.  From  the  inflammability  of  fulphur, 
and  its  affording  the  vitriolic  acid,  it  is  concluded 
’ that  it  contains  phlogifton,  and  that  acid.  And  it 
exhibits  no  other  produds. 

R The  combination  of  fulphur  with  a fixed  alkali 
may  be  made  either  in  the  dry  way,  by  melting  the 
two  fubftances  together,  or  in  the  moift  way,  by 
boiling  fulphur  in  an  alkaline  lixivium,  and  evapo- 
rating the  water.  This  laft  method  is,  however,  fel  - 
dom  made  ufe  of.  The  liver  of  fulphur,  fo  called 
from  its  colour,  has  a fetid  fmell,  is  foliible  in 
water,  and  is  very  deliquefeent.  The  force  of 
adhefion  between  the  acid  and  phlogifton  being 
much  weakened  by  the  attraction  exerted  by  the 
alkali  on  the  former,  the  phlogifton  continually 
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flies  off  into  the  air,  and  at  length  leaves  the  alkali 
united  only  to  the  acid,  forming  either  vitriolated 
tartar  or  Glauber’s  fait.  So  likewife  the  attradtion 
exerted  in  this  cafe  between  the  acid  and  alkali  is 
much  weaker  than  it  would  have  been  'if  the  acid 
were  not  likewife  in  combination  with  phlogifton. 
For,  if  the  liver  of  fulphur  be  diffolved  in  water, 
the  alkali  will  be  attradted  and  the  fulphur  pre- 
cipitated, on  the  addition  of  an  acid,  whofe  eledtivc 
attradtion  to  the  alkali  is  much  lefs  powerful  than 
that  of  the  vitriolic  acid  when  at  liberty. 

The  method  of  Stahl  for  producing  fulphur^  by 
the  diredl  combination  of  the  vitriolic  acid  with 
the  principle  of  inflammability,  deferves  to  be  men- 
tioned in  this  place.  Equal  parts  of  vegetable  fixed 
alkali,  and  vitriolated  tartar,  are  fufed  in  a crucible, 
after  which  fomewhat  lefs  than  one-fourth  part  of 
charcoal  in  powder  is  added,  and  the  whole  well 
mixed  by  ftirring.  The  crucible  is  then  covered, 
and  a ftrong  heat  given  for  a very  Ihort  time  j after 
which  it  is  taken  from  the  fire,  and  the  contents 
poured  on  a fmooth  (lone,  previoufly  ground.  This 
matter  is  not  found  to  differ  in  its  effential  proper- 
ties from  the  liver  of  fulphur,  and  if  diffolved  in 
water,  the  fulphur  may  be  precipitated  by  the  addi- 
tion of  an  acid.  The  theory  of  thefe  fa6ls  'appears  to 
be,  that  the  phlogifton  of  the  charcoal  combines 
with  the  concentrated  acid  of  the  vitriolated  tartar, 
and  forms  fulphur,  which  unites  with  the  alkali  in 
the  fame  manner  as  other  fulphur  would  have  done 
if  diredly  added. 

VoL.  II.  N The 


VITRIOLIC  COMBINATIONS. 


178 

T The  vitriolic  acid,  in  combination  with  metal-  ■ 
lie  calces,  forms  lalts  which  have  been  denoted  I 
under  the  p-eneral  name  of  vitriols.  The  three  1 

O I 

following  only  are  known  in  commerce,  or  ufed  in  | 
the  arts. 

I 

u Vitriolated  iron,  or  martial  vitriol,  known  viil-  j 
garly  by  the  name  of  green  copperas^  contains,  , 
when  recently  cryftallized,  twenty  parts  of  acid,  , 
twenty-five  of  iron,  and  fifty-five  of  water  i but  ; 
it  efflorefees  by  the  lofs  of  part  of  its  water  when  , 
expofedtothe  air.  It  requires  fix  times  its  weight 
of  water  to  diffolve  it  in  the  temperature  of  60°. 
This  fait  is  ufed  in  dying  blacks,  and  in  making  ink 
for  writing. 

v Vitriolated  copper,  or  blue  vitriol  j of  this 
thirty  parts  in  the  hundred  are  acid,  twenty- 
feven  copper,  and  forty-three  water.  It  is  ufually 
obtained  from  waters  in  Hungary,  Sweden,  or 
Ireland,  in  which  it  is  naturally  diflblved.  It  re- 
quires about  four  times  its  weiglit  of  water  to  dif- 

w folve  it  in  the  temperature  of  60".  In  fome  places 
the  waters  naturally  containing  this  fait  are  made  to 
depofit  the  copper  by  expofing  pieces  of  iron 
to  their  adbion.  For  the  acid  quits  the  copper,  and 
forms  martial  vitriol,  by  uniting  with  the  calx  of 
die  iron,  while  the  phlogiflon  of  this  laft,  uniting 
with  the  calx  of  copper,  enables  it  to  refume  its 
metallic  Hate.  The  martial  vitriol  beins:  foluble. 
remains  in  the  water,  while  the  copper  falls  to  the 
bottom  in  a muddy  or  powdery  form.  If  the  folu- 
tion,.  or  water  containing  vitriolated  copper,  has 

will 
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no  confiderable  excefs  of  acid,  eighty  parts  of  iron 
will  precipitate  one  hundred  of  copper.  One  of  x 
the  tefts  of  the  prefence  of  vitriolated  copper  in  a 
liquid  confifts  in  dipping  a piece  of  clean  bright 
iron  therein,  which  becomes  immediately  covered 
with  a thin  coat  of  copper,  in  confequence  of  ths 
beginning  of  the  procefs  of  transferring  the  acid 
from  one  metal  to  the  other. 

Vitriolated  zink,  vulgarly  called  white  vitriol,  or  y 
copperas,  is  of  a white  colour,  and  contains  twenty- 
two  parts  of  acid,  twenty  of  zink,  and  fifty-eight  of 
water.  It  is  foluble  in  about  twice  its  w-eight  of 
water  at  the  temperature  of  60^. 

If  the  concentrated  vitriolic  acid  be  heated  wdth  z 
almoft  any  fubftance,  containing  phlogifton,  part  of 
the  acid  combines  with  the  inflammable  principle, 
and  flics  off  in  the  form  of  vitriolic  acid  air.  This 
may  be  confined  by  mercury,  but  unites  with  water, 
forming  the  volatile  or  phlogiflicated  vitriolic  acid, 
(172,  f).  Vitriolic  acid  air  is  fatal  to  animals. 

In  proceflfes  with  fome  of  the  metals,  efpecially  a 
iron  and  zink,  the  vitriolic  acid,  when  properly 
diluted,  does  not  unite  with  the  phlogifton,  whicli 
therefore  rifes  in  the  form  of  inflammable  air. 
(95,  X.)  The  chief  reafon  of  this  feems  to  be,  that 
the  abundant  water  attrading  the  acid,  counterads 
the  effed  of  its  affinity  for  phlogifton. 
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CHAP.  X. 


OF  THE  NITROUS  ACID,  AND  COMBINATIONS 
WHEREIN  IT  IS  A PRINCIPAL  PART, 


B '^tEITHER  the  nitrous  acid,  nor  any  of  the 
IN  falts  containing  it,  are  ever  found  in  confi- 
derable  quantities  in  nature.  This  acid  is  obtained 
by  the  complete  putrefadion  of  animal  or  vegetable 
fubftances  j but  whether  it  is  produced,  colleded, 
or  developed  by  that  procefs,  has  not  yet  been  ex- 
C plained.  Grounds  frequently  trodden  by  cattle, 
and  impregnated  with  their  excrements,  or  where 
vegetables  rot,  or  in  the  vicinity  of  flaughter- 
houfes,  or  burying-grounds,  or  'other  places  expofed 
to  putrid  vapours,  afford  nitre  after  long  expofure 
, to  the  air.  The  earths  that  afford  the  befl  matrix 
for  the  reception  and  complete  putrefadion  of  the 
vegetable  or  animal  matter,  are  of  the  calcareous, 
kind;  and  in  Ibme  places  artificial  beds,  com- 
pounded of  putrefcent  matter  and  calcareous  earth, 
are  made  with  fuccefs  for  the  produdion  of  nitre. 
If  thefe  beds  contained  ’ much  vegetable  matter,  a 
confiderable  portion  of  the  fait  obtained  from  them 
is  true  nitre,-  or  the  nitrous  acid  combined  with  the 
vegetable  alkali ; but  if  otherwife,  the  nitrous  acid 
is,  for  the  moft  part,  combined  with  calcareous 
earth,  and  requires  the  addition  of  the  vegetable 
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alkali  to  decompofe  it.  With  this  intention  wood- 
afhes,  or  pot-afh,  is  ufually  added  in  the  procefs, 

which  is  as  follows : 

A number  of  large  calks  are  prepared,  with  a d 
cock  at  the  bottom  of  each,  and  a quantity  of 
ftraw  within,  to  prevent  its  being  flopped  up.  The 
nitrous  earth  is  placed  in  thefe,  together  with  wood- 
aflies,  or  pot-afh,  either  flrewed  at  top,  or  flratified 
with  the  other  matter.  The  vefTels  are  then  filled 
with  hot  water,  which,  after  fome  time  Handing,  is 
drawn  off",  and  frefli  water  added  repeatedly,  fb 
long  as  any  fait  can  be  extradled  by  this  means. 
This  wafhing  of  the  earth  is  repeated,  by  pafling  the 
faline  liquor  through  frefh  parcels,  till  it  is  flrongly 
impregnated.  In  this  Hate  it  is  conveyed  to  the 
boiler,  and  great  part  of  the  water  evaporated  by 
heat.  A confiderable  proportion  of  common  fait, 
which  the  water  obtains  from  the  earth,  is  depofited 
during  the  boiling,  and  taken  out  by  means  of  a 
perforated  ladle,  while  the  nitre  flill  remains  in 
folution.  For  the  quantity  of  nitre  tiiat  can  be  ® 
held  in  folution  by  boiling  water  is  much  greater 
than  of  common  fait ; therefore,  the  common  lalt 
will  begin  to  be  thrown  down  at  a much  earlier 
period  of  the  evaporation  than  the  nitre,  and  a 
confiderable  portion  of  the  former  will  be  tnus  fepa- 
rated  before  any  of  the  latter  quits  the  folvent. 
W^hen  the  liquor  is  fufficiently  concentrated  by 
boiling,  which  is  known  by  trials  made  with  fmall 
quantities  taken  out  from  time  to  time,  it  is  con- 
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veyed  Into  vefTels  where  it  cools,  and  much  of  the 
nitre  is  then  found  in  a cryftallized  ftate. 

F The  leparation  of  the  nitre  from  the  common 
fait  is  much  forwarded  by  another  circumftance, 
wherein  their  folubilities  differ.  Nitre  being  dif- 
folved  to  faturation  in  boiling  water,  will  afford  a 
large  quantity  of  cryftals  by  cooling  j a proof  that 
it  is  more  foluble  in  hot  than  cold  water : but 
common  fait  by  the  fame  treatment  affords  fcarcely 
any.  In  the  foregoing  procefs  it  is  found,  that  on 
this  account  the  cryftals  formed  by  cooling  confift 
almoft  entirely  of  nitre,  the  common  fait  remain- 
ing diffolved  in  the  water,  notwithftanding  its 
change  of  temperature.  And  a repetition  of  the 
procefs  - ferves  to  purify  the  nitre  ftill  more. 
With  this  intention,  fo  much  pure  water  is  added 
to  the  nitrous  cryftals  as  is  barely  fufficient  to  dif- 
folve  them,  and  the  evaporation  by  boiling  is 
repeated.  The  cryftals  of  nitre  obtained  by  the 
fecond  cooling  are  much  purer  than  before,  becaufe 
the  proportion  of  water  to  the  common  fait  is 
greater,  and  confequently  lefs  will  cryftallize  with 
the  nitre.  For  nice  purpofes  this  boiling  with 
frefli  water  is  repeated  four  times. 

,G  If  nitre  be  expofed  to  a ftrong  heat  in  an  earthen 
retort,  a large  quantity  of  air,  luuch  purer  than 
• til  at  of  the  atmofphere,  is  produced,  and  the  alka- 
line bafe  is  left  in  combination  with  the  earth  of 
the  retort,  which  it  diffolves.  1 he  weight  of  the 
air  thus  obtained,  added  to  that  of  the  alkaline 
bafe,  amounts  to  the  whole  weight  of  the  nitre  made 
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life  of  *.  This  fad  is  varioiifly  explained.  The  h 
pure  air  is  thought  to  confift  of  the  nitrous  acid, 
deprived  of  water  and  phlogifton,  and  united  to 
heat  in  a latent  ftate ; or  of  the  nitrous  acid  perfedly 
faturated  with  phlogifton  j or  of  the  water  that 
entered  into  the  formation  of  the  nitre,  and  is 
fuppofed  to  be,  by  fome  means,  dcphlogifticated ; 
(148,  M,  N.)  or  of  a certain  principle  common  to 
all  acids.  For  the  produdion  of  pure  or  dephlogif- 
ticated  air,  alfo  takes  place,  when  certain  other  lalts 
which  do  not  contain*  the  nitrous  acid  are  expofed 
to  heat. 

A moft  intenfe  degree  of  combuftion  takes  i 
place  when  nitre  is  brought  into  contad  with  any 
inflammable  body,  either  of  the  two  being  previ- 
ou fly  made  red  hot.  This  continues  either  till  the 
whole  of  the  nitrous  acid  is  diflapated,  or  the  body 
confumed,  and  is  evidently  owing  to  the  pure  aii 
produced,  which  maintains  the  combuftion.  In 
the  detonation  of  nitre  with  phlogiftic  bodies,  water 
is  produced,  formerly  termed  the  clyflus  of  nitre, 
and  moft  probably  afforded  by  the  combination 
of  the  inflammable  air  of  the  body  confumed  with 
the  dcphlogifticated  air  of  the  nitre,  (i4^i  ^0 

Gunpowder  is  ufually  compofed  of  7 5 ^ 

nitre,  fixteen  charcoal,  and  nine  fulphur,  intimately 
blended  together,  by  long  pounding  in  wooden  mor- 
tars, with  a fmall  quantity  of  water.  Its  effedts 
are  well  known.  Any  part  of  a quantity  of  gun- 
powder being  fet  on  fire,  the  detonation  begins,  and 

* Berthollet,  in  the  Memoirs  of  the  Royal  Academy  of 
Paris,  for  the  vear  1781. 
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is  propagated  with  amazing  rapidity  through  the 
interftices  of  the  grains.  In  confequence  of  which, 
a fudden  and  very  powerful  expanfion  of  the  mate- 
rials takes  place. 

Nitre,  or  nitrated  vegetable  alkali,  contains 
thirty  • parts  acid,  fixty-three  alkali,  and  feven 
water.  It  requires  about  feven  times  its  weight  of 
water  to  dilTolve  it  in  the  temperature  of  6o°. 

If  concentrated  vitriolic  acid  be  poured  a little  at 
a time  on  pure  nitre,  in  a tubulated  retort,  with  a 
large  receiver,  taking  care  immediately  to  clofe  the 
aperture,  it  will  combine  with  the  alkali,  and  the 
nitrous  acid,  called  fpirit  of  nitre  in  commerce, 
will  rife  in’fumes  that  will  become  condenfed  in  the 
receiver.  After  the  fpontaneous  vapours  have 
ceafed,  heat  muft  be  gradually  applied,  till  nothing 
more  will  come  over.  Vitriolated  tartar  (173,  i) 
’will  remain  in  the  retort,  and  if  the  acid  in  the 
receiver  be  added  to  pure  vegetable  alkali,  it  will 
again  compofe  nitre. 

This  nitrous  acid  is  of  a yellow  colour,  and  con- 
tinually emits  red  fuffocating  fumes.  Thefe  fumes 
arife  from  an  excefs  of  phlogifton,  which  mayUDe 
driven  off,  by  haftily  boiling  the  acid  in  an  open 
vcffel,  when  the  acid  becomes  as  clear  as  w'ater. 
Eut  the  finalleft  addition  of  any  inflammable  mat- 
ter, or  even  expofure  to  the  fun’s  rays,  will  reffore 
the  former  colour,  and  caufe  the  acid  to  emit 
fumes  as  before. 

Nitrous  acid  of  the  (hops  is  feldom  without  a 
mixture  of  the  marine  acid, which  it  obtains  from  tl  e 
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fea-falt  that  cryftallizes  with  the  nitre  made  ufe  of, 
(i8i,  D.)  This  may  be  feparaced  by  diffolving 
filver  in  a fmall  quantity  of  the  acid,  and  drop- 
ping gradually  fome  of  tliis  folution  into  the  acid 
required  to  be  purified,  as  long  as  any  cloudinefs 
appears.  For  the  marine  acid  combines  with  the 
filver,  and  forms  a compound  that  precipitates  to 
the  bottom,  leaving  the  nitrous  acid  pure. 

The  red  vapour  which  rifes  from  the  nitrous  r 
acid  may  be  preferved  in  clofe  veffels,  without  con- 
denfation  by  cold.  It  is  called  the  aeriform  nitrous 
acid.  Water  abforbs  it,  which  becomes  fuccef- 
fively  blue,  green,  and  at  laft  yellow,  when  it  has 
received  an  increafe  of  one-third  of  its  bulk.  This 
is  termed  the  phlogifticated  nitrous  acid. 

Experiments  with  the  aeriform  nitrous  acid  are  o 
rendered  difficult,  by  the  circumftance  of  its  ading 
on,  and  uniting  with,  every  fluid  hitherto- ufed  in 
attempting  to  confine  it. 

When  nitrous  acid  is  applied  to  bodies  contain-  r 
ing  phlogiflon,  nitrous  air  is  produced.  This  may 
be  colleded  in  water  as  well  as  quickfilver.  The 
acid  in  nitrous  air  is  fo  well  faturated  with  phlo- 
gifton,  that  it  exhibits  no  marks  of  acidity  when 
-properly  prepared.  Water  will  imbibe  one-tenth 
'of  its  bulk  of  this  air. 

The  mixture  of  nitious  with  refpirable  air  affords  s 
a remarkable  and  interefting  appearance.  Their 
union  is  attended  with  heat  j a reddiffi  brown  cloud 
appears,  and  the  fum  of  the  fpaces  occupied  by 
both  airs  becomes  much  fmaller  than  before.  It  t 
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is  found  that  their  diminution  is  greater,  the  bet- 
ter adapted  the  refpirable  air  is  to  the  purpofes  of 
fupporting  animal  life  or  combuftion  j and  that 
the  nitrous  acid  is  precipitated,  converting  the 
water  over  which  the  operation  is  performed  into 
nitrous  acid.  Thefe  are  natural  confequences  of  the 
Itrong  attradlion  of  pure  air  to  phlogifton,  by  which 
it  is  vitiated,  and  rendered  noxious  in  this  procefs. 

Dr.  Prieftley,  whofe  difcoveries  refpedting  aeri- 
form fluids  have  defervedly  placed  him  in  the 
highcft  rank  of  experimental  philofophers,  ufually 
afcertains  the  purity  of  air  by  adding  an  equal 
volume  of  nitrous  air  to  it,  and  exprefles  the  fame 
by  writing  in  figures  the  fpace  occupied  by  both 
after  the  diminution.  Thus,  if  equal  meafures  of 
common  and  nitrous  air  were  diminifhed  on  mix- 
ture by  -h  of  a meafure,  he  fays  the  meafure  of  the 
teft  is  1.3 ; which  number  denotes  the  reduced  bulk 
of  the  air  which  was  originally  2.  But  when  the 
purity  of  dephlogiflicated  air  is  to  be  afeertained, 
he  ufes  more  nitrous  air,  a fingle  meafure  not  being 
fufficient.  The  pureft  dephlogiflicated  air  will 
receive  the  addition  of  three  times  its  own  bulk  of 
nitrous  air  before  the  fpace  it  occupies  is  fenfibiy 
augmented. 

The  inflruments  ufed  to  determine  the  falubrity 
of  air  by  this  method  are  called  eudiometers.  In 
general,  experiments  may  be  made  with  a gra- 
duated tube  A B,  fig.  158,  on  which  the  fpace 
occupied  by  the  air  after  its  diminution  may  be 
read  by  means  of  tlie  divifions. 
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The  nitrous  acid,  with  the  mineral  alkali,  forms  w 
nitrated  mineral  alkali,  or  quadrangular  nitre,  which 
contains  thirty  parts  of  acid,  fixty-three  alkali,  and 
fcven  water.  Its  properties  are  nearly  the  fame  as 
thofe  of  the  common,  or  prifmatic  nitre,  but  it  is  lels 
fit  for  making  gunpowder,  becaufe  it  attrads  hu- 
midity from  the  air.  About  three  times  its  weight 
of  water  at  the  temperature  of  6o®  are  fufficient  to 
hold  it  in  Iblution. 

Nitrated  volatile  alkali,  or  nitrous  ammoniac,  x 
contains  forty-fix  parts  acid,  forty  alkali,  and 
fourteen  water.  This  fait  is  remarkable  for  its 
property  of  detonating,  without  the  contad  of 
inflammable  matter,  when  heated  over  the  fire ; 

which  is  one  of  the  proofs  that  the  volatile  alkali 
contains  phlogifton. 

Nitrated  lime,  or  nitrous  felenite,  contains  y 
thirty-three  parts  acid,  thirty-two  earth,  and  thirty- 
five  water.  It  is  deliquefeent. 

With  ponderous  earth  the  nitrous  acid  forms  a z 
fait,  whofe^cryftals  do  not  deliquefee. 

Nitrated  magnefia  is  a deliquefcent  fait,  and  a 
contains  thirty-fix  pans  of  acid,  twenty-feven  of 
magnefia,  and  thirty-feven  of  water. 

Ni  rated  clay  appears  to  be  of  very  difficult  Iblu-  b 
tion  in  cold  water,  and  may  contain  153  parts  of 
acid  to  100  of  earth  *.  ' 

The  nitrous  acid  diflblves  mofl:  metallic  fub-  c 
fiances,  part  of  the  acid  flying  off  with  the  phlogif- 
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ton,  in  the  form  of  nitrous  air,  and  the  reft  in  com- 
bination with  the  metallic  calces,  forming  fait. 

D The  inflammation  of  oils,  by  the  affufion  of  the 
nitrous  acid,  is  a phenomenon  that  never  fails  to 
excite  the  aftonifliment  of  the  beholders.  All  the  . 
oils  obtained  by  diftillation  from  vegetables,  and 
diftinguiflied  by  the  name  of  eflfential  oils,  and  allb 
fuch  other  oils  as  are  difpofed  to  become  thick  and 
dry,  by  expofure  to  the  air,  are  proper  for  this  ex- 
it periment.  An  ounce  of  the  oil  intended  to  be  fet  on 
fire  muft  be  placed  in  a ftiallow  veflfel,  and  a bottle 
containing  an  ounce  of  the  moft  concentrated  ni- 
trous acid  muft  be  faftened  at  the  end  of  a pole,  that 
the  operator  may  be  fufficiently  diftant  from  die  ; 
inflammation.  Two-thirds  of  the  acid  being  poured 
on  the  oil,  excites  a confiderable  ebullition  j the  oil 
grows  black  and  thick,  and  fometimes  inflames. 

But  if  this  laft  circumftance  does  not  happen  in 
four  or  five  feconds,  the  remainder  of  the  acid  muft 
be  poured  where  the  mixture  appears  the  moft  dry 
and  black,  and  then  the  inflammation  fcarcely  ever 
fails  taking  place.  : 

r Fat  oils  may  alfo  be  inflamed,  if  equal  parts  of 
the  nitrous  and  vitriolic  acids  be  firft  poured  on 
them,  and,  when  the  ebullition  is  at  the  greateft, 
a portion  of  nitrous  acid  be  poured  on  the  dryeft 
part. 

G The  theory  of  this  Angular  experiment  is  yet 
imperfedt.  There  can  be  little  doubt  but  the 
dcphlogifticated  air  of  the  nitrous  acid  (182,  g) 
combining  with  the  phlogifton  of  the  oil,  pro- 
duces 
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duces  the  combuftion  (150.  t,  u.  ) But  the 
other  circumftances  relating  to  the  capacities  the 
new  combinations  • in  this  procefs  may  feverally 
have  for  heat,  and  on  which  the  high  temperature 
produced  in  a great  meafure  depends,  have  not 
yet  been  fufficiently  inveftigated.  It  is  probably 
owing  to  thefe  that  eflential  oils  are  better  adapted 
to  this  purpofe  than  any  other  phlogiftic  bodies. 
The  vitriolic  acid  may  perhaps  tend  to  concen- 
trate the  nitrous  acid  in  the  experiment  with  fat 
oils,  or  perhaps  its  adion  on  the  oils  may  bring 
them  nearer  to  the  nature  of  elTential  oils,  at  leaft 
as  far  as  relates  to  this  procefs. 

CHAP.  XI. 

©F  THE  MARINE  ACID,  AND  COMBINATIONS 
WHEREIN  IT  IS  A PRINCIPAL  PART, 

HE  marine  acid  is  obtained  from  common  h 


JL  fait.  This  fait,  fo  univerfally  ufed  through- 
out the  civilized  parts  of  the  world,  is  either  dug 
out  of  the  earth  in  large  maffes,  called  rock-falt, 
or  obtained  by  evaporation  from  the  waters  of  falt- 
fprings,  “or  of  the  fea.  Sea-water  ufually  contains  i 
between  the  twenty-fifth  and  thirtieth  part  of  its 
weight  of  this  fait,  together  with  other  magnefian 
or  calcareous  falts  in  much  fmaller  quantities.  In  k, 
hot  countries  the  water  is  evaporated  fo  as  to  afford 
the  fait  in  cryftals,  by  mere  expofure  to  the  aftion 
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of  the  fun  and  wind,  in  large  receptacles,  formed  in 
the  ground  near  the  iea-fide,  and  into  which  the 
L water  can  be  admitted  at  the  tide  of  flood.  In  the 
fouth  of  France,  and  other  parts  of  the  world,  they 
colled  and  dry  the  fea-fand,  from  which  a flrong 
brine  is  afterwards  obtained,  by  pafllng  fuch  a 
quantity  of  water  through  it,  as  is  merely  lujflicient 
M to  diflTolve  the  fait  that  adheres  to  the  grains..  The 
intenfity  of  cold  in  northern  countries  is  alfo  made 
ufe  of  for  this  purpofe,  where  the  fea-water  being 
expofed  to  freeze,  the  ice  is  found  to  confift 
almoft  entirely  of  frefli  water,  and  confequently, 
upon  being  talcen  out,  leaves  the  brine  much 
N ftronger.  In  thefe  laft-mentioned  cafes,  as  w’cll 
as  in  more  temperate  climates,  the  cryftals  arc 
obtained  by  boiling  the  brine  in  proper  veflfcls  over 
the  fire. 

o If  the  vitriolic  acid  be  poured  on  fea-falt,  it 
combines  with  the  alkali  (143,  c)  while  the  marine 
acid  flies  off  in  the  form  of  marine  acid  air.  This 
air  is  colourlefs,  and  permanently  elaftic  when  con- 
fined by  mercury,  but  has  a ftrong  tendency  to 
unite  with  water.  When  it  efcapes  into  the  atmo- 
fphere  it  has  the  appearance  of  white  fumes,  on 
account  of  the  moifture  it  meets  with,  and  unites 
p to.  The  common  marine  acid  confifts  of  water  im- 
pregnated with  this  air,  which  it  readily  gives  out 
on  the  application  of  heat. 

0^  In  the  method  formerly  ufed  of  procuring  the  ma- 
rine acid  by  diftillation  from  common  fait  with  the 

% 

vitriolic  acid,  much  of  the  marine  acid  air  was  lofl, 

for 
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for  want  of  water  to  combine  with.  This  is  onw 
remedied,  by  applying  a fecond  receiver  contain- 
ing water,  into  which  a tube,  proceeding  from  the 
upper  part  of  the  firft  receiver,  is  immerfed.  The 
marine  acid  air  that  elcapes  uncondenfed  from  the 
firft  receiver  combines  with  the  water  in  the  fecond, 
and  converts  it  into  ftrong  marine  acid. 

The  marine  acid  of  the  fhops  is  of  a light  yel-  r 
low  colour,  and  continually  emits  fuifocating  fumes. 
The  colour,  however,  is  not  eflential  to  it,  but  arifeg 
from  the  folution  of  fome  impurities  in  the  common 
procefs  for  making  it. 

Black  manganefe  is  the  calx  of  a femume-  s 
tal,  (170,  a)  which  has  a very  ftrong  tendency 
to  combine  with  phlogifton.  If  four  ounces  of 
concentrated  marine  acid,  with  one  ounce  of  this 
calx,  be  put  into  a tubulated  retort,  to  which  the 
apparatus  of  receivers  ufed  (190,  in  diftilling 
tlie  marine  acid  has  been  previoufly  adapted,  yellow 
vapours  are  abundantly  difengaged,  at  firft  without 
the  afllftance  of  fire,  and  afterwards  by  means  of 
heat.  The  water  in  the  fecond  receiver  becomes 

I 

impregnated  with  thefe  fumes,  of  which,  however, 
it  abforbs  a very  fmall  quantity.  If  the  tempera- 
ture be  near  freezing,  the  elaftic  fluid,  after  faturat- 
ing  the  water,  takes  a concrete  form,  and  gradually 
lubfides  to  the  bottom : but  a very  flight  degree  of 
warmth  raifes  this  fubftance  in  the  form  of  bubbles, 
whicli  endeavour  to  efcape. 

This  vapour,  combining  with  water,  and  having  t 

'*  The  invention  of  Mr.  Wouife^ 
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likewife  a powerful  adlion  on  mercury.  Has  not  been 
confined  fo  as  to  retain  its  elaftic  ftate. 
u It  is  found  to  confift  of  the  marine  acid  deprived 
of  one  of  its  conftituent  parts,  namely,  phlogifton. 
It  attacks  phlogiftic  bodies  with  great  vehemence, 
and  diflblves  all  the  metals  diredly,  affording  the 
fame  falts  as  the  entire  acid  does,  but  without  dif- 
engaging  any  inflammable  air.  It  whitens  vege- 
tables and  wax,  and  produces  in  many  fubftances 
changes  fimilar  to  luch  as  arife  from  long  expofnre 
to  air.  When  united  to  water,  its  tafte  is  auftere, 

' but  not  acidj  but  it  regains  all  the  properties  of  the 
marine  acid  when  again  combined  with  phlogifton. 
V A mixture  of  the  nitrous  and  marine  acids,  or 
of  the  nitrous  acid  with  common  fait,  or  fal  ammo- 
niac, is  called  aqua -regia,  from  its  property  of 
diflfolving  gold.  The  power  of  this  folvent  on 
gold  appears  to  confift  in  the  marine  acid,  which 
is  dephlogifticated  by  the  nitrous,  and  is  found 
alone  in  the  cryftals  of  fait  produced  in  the 
combination  of  metallic  calx  and  acid.  There 
feems,  however,  to  be  fome  other  circumftance 
concerned  here ; for  it  is  not  eafy  to  fay  why  the 
nitrous  acid  alone  cannot  feize  the  gold,  if  its  affinity 
to  phlogifton  be  greater  than  that  of  the  dephlo- 
sifticated  marine  acid  ; and  if  it  were  not  fo,  how 
could  it  deprive  this  laft  acid  of  its  phlogifton  ? 
w , Salited  mineral  iilkali,  or  common  fait,  contains 
thirty-three  parts  acid,  fifty  alkali,  and  feventeen 

* According  to  Scheale  : but  BerthoIIet  has  rendered  it  pro- 
bable, that  it  confifts  of  dephlogifticated  air,  combined  with 
the  common  marine  acid. 
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‘v^ater.  Its  cryftals  are  quadrangularj  and  do  not 
deliquei'ce  in  die  air. 

Salited  vegetable  alkali,  or  fak  of  Sylvius,  con-  x 
tains  thirty  parts  acid,  fixty-three  vegetable  alkali, 
and  feven  water.  It  does  not  deliquelce  in  the  air, 
and  is  foluble  in  about  diree  times  its  weight  of 
water. 

Salited  volatile  alkali,  or  common  fal  ammoniac,  y 
contains  fifty-two  parts  acid,  forty  volatile  alkali, 
and  eight  water.  It  dillblves  in  about  three  and  a 
halftimes  its  weight  of  water,  at  the  temperature  of 
60"^.  By  heat  it  fublimes  unaltered. 

Salited  lime,  or  marine  felenite,  contains  about 
forty-two  parts  acid,  thirty-eight  earth,  and  twenty 
water.  It  deliquefces  in  the  air. 

Salited  ponderous  earth  is  little  known ; its  folu-  2 
tion  affords  a valuable  method  of  purifying  the 
marine  acid  from  the  vitriolic,  with  which  it  is  often 
adulterated.  For,  upon  the  addition  of  this  to  the 
marine  acki  under  examination,  the  vitriolic  acid, 
if  prefent,  feizes  the  ponderous  earth,  and  forms 
the  vitriolated  ponderous  earth,  which  being  nearly 
infoluble,  falls  to  the  bottom*.  The exaft  quan- 
tity neceffary  to  be  added  is  known  by  trials  on 
fmall  portions  of  the  acid. 

Salited  magnefia,  or  marine  Epfom,  is  a deli-  a 
quefcent  hilt,  found  in  greater  quantity  in  the  water 
of  the  fea  than  any  other,  except  common  fait. 

Salited  clay  is  a deliquefcent  fait,  and  may  con-  B 
tain  174  parts  acid,  to  100  of  earth. 

* Withering  in  Philof.  Tranf,  Part  it.  for  1784* 
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c The  marine  acid  afVs  diredly  on,  and  combines 
with  tin,  lead,  copper,  iron,  zinc,  and  bifinuth,  and 
with  the  other  metals,  by  proper  management  j 
forming  falts,  pofleffed  of  various  properties. 


CHAP.  XII. 

CONCERNING  THE  ACIDS  OP  FLUOR,  OP  BORAX, 
OF  amber,  and  of  PHOSPHORUS. 

D T^tJSIBLE  fpar  or  fluor,  better  known  in 
Jl  England  by  the  name  of  Derbyfhire  fpar, 
confifts  of  a peculiar  acid,  called  the  fparry  acid, 
combined  with  calcareous  earth  and  water.  This 
fpar  is  either  tranfparent  or  opake,  of  different 
colours,  and  generally  has  a cubic,  rhomboidal, 
or  polygonal  figure.  Mod:  fpecimens,  efpecially 
the  coloured,  have  the  property  of  becoming  phoP* 
phorefeent,  or  emitting  light  when  heated  far  below 
ignition,  as  may  be  done  by  laying  them  on  a 
hot  iron  ; but  they  lofe  this  property  by  being 
made  red  hot.  It  does  not  flrike  fire  with  fteel, 
nor  effervefee  with  acids.  The  calcareous  earth  is 
fifty-feven  parts  in  the  hundred,  and  the  reft  acid 
and  water. 

E If  an  equal  weight  of  concentrated  pure  colour- 
lefs  vitriolic  acid  be  poured,  by  means  of  a tube 
on  pulverized  fluor,  in  a retort,  a decompofition 
of  the  fluor  takes  place  with  heat.  The  vitriolic 

acid 
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acid  feizcs  the  calcareous  earth,  and  the  fluor  acid 
efcapes  in  the  form  of  air,  of  a moil  penetrating 
fmell,  which  may  be  confined  by  mercury,  but 
unites  with  water  in  very  confiderable  quantity.  If  f 
the  acid  be  wanted  in  a fluid  ftate,  it  is  neceflhry 
to  adapt  a receiver,  containing  water,  about  ten  or 
twelve  times  the  weight  of  the  fpar.  This  acid,  q 
efpecially  when  heated,  and  in  the  aerial  form,  dif- 
folves,  and  retains  filiceous  earth,  which  it  takes 
from  the  glafs-velTels  during  the  diftillation,  foon 
corroding  them  through,  if  they  be  not  very  thick. 
The  floor  acid  air  depofits  fome  of  this  earth  by 
cooling;  and  the  greateft  part  in  the  form  of  a 
white  cruft  on  the  furface  of  water,  when  it  com- 
bines with  that  fluid. 

The  faline  combinations  formed  by  uniting  this  h 
acid  with  alkali,  earths,  or  metallic  calces,  clearly 
Ihew  that  it  is  a peculiar  acid,  as  different  in  its 
properties  from  all  other  acids  as  they  are  from 
each  other. 

Borax  is  a fait,  imported  from  the  Eaft  Indies,  i 
in  the  form  of  hexangular,  or  irregularly  figured 
cryftals,  of  a dull  white,  or  greenifh  colour,  and 
greafy  to  the  touch.  In  this  ftate  it  is  called 
tincal.  It  is  dug  out  of  the  earth  in  the  king- 
dom of  Thibet,  in  a cryftallized  ftate.  The  im- 
purities are  *feparated  by  folution,  filtration,  ai>d 
cryftallization. 

This  fait  requires  about  eighteen  times  its'K 
weight  of  water  to  diffolve  it  in  the  temperature 
9f  6q'*.  When  heated,  it  fwells  up,  lofts  its  water 
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of  ciyflialiization,  and  runs  into  a kind  of  glafs, 
which  may  be  again  dilTolved  in  water.  It  is 
chiefly  ufed  as  a flux  for  foldering  metals. 

L The  component  parts  of  purified  borax  are, 
feventeen  parts  of  mineral  alkali,  thirty-four  of 
a peculiar  acid  called  the  acid  of  borax,  or  feda-  , 
tive  fait,  and  forty-feven  of  water.  In  this  com- 
bination not  more  than  about  five  parts  of  the 
alkali  are  really  faturated,  for  which  reafon  borax 
in  many  cafes  a61;s  as  an  alkali. 

M If  borax  be  diflfolved  to  faturation  in  water,  and 
the  vitriolic  acid  be  added,  this  lafl:  will  combine 
with  the  alkali,  and  difengage  the  ‘ fedative  fait, 
which  will  fwim  at  the  furface,  in  the  form  of 
white  fcales.  The  filtered  liquor  will  yield  vitrio- 
lated  mineral  alkali,  or  Glauber’s  fait.  This  acid  is 
alfo  obtained  by  fublimationj  the  alkaline  bafe 
being  feparated  by  the  previous  addition  of  fome 
ftronger  acid. 

N The  acid  of  borax  requires  fifty  times  its  weight 
of  water  to  hold  it  in  folution.  Its  acid  properties 
when  uncombined  are  but  weakly  manifefted.  A 
moderate  heat  melts  it  with  lefs  intumefcence  than 
borax,  but  the  glafs  fo  formed  is  again  foluble  in 
water.  This  fixed  acid  may  be  ufed  for  the  fame 
purpofe  as  borax,  and  is  a mofl:  ufeful  flux  in  ex- 
periments to  be  made  with  the  blow-pipe.  It  has 
been  found  uncombined  in  the  waters  of  certain 
lakes  in  Tufeany.  ‘ 

o Amber  is  a fubftance  dug  out  of  the  earth 
more  abundantly  in  the  Prufllan  dominions  than 
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cifcwhere.  The  moft  valuable  fpecimcns  are  of 
a clear  traiifparent  yellow.  Its  origin  is  pro- 
bably  from  the  vegetable  kingdom,  as  it  is  almoft 
always  found  in  the  neighbourhood  or  folTil  wood. 

By  diftillation  an  acetous  liquor,  an  oil,  and  a p 
concrete  acid,  are  obtained;  which  laft  may  be 
Ibmewhat  purified  by  folution  and  cryftallizatio,n. 
The  combinations  of  this  with  alkalis,  earths,  oi 
metals,  denote  it  to  be  a peculiar  acid. 

Phofphorus  (170,  y)  till  lately  has  been  ob-  q. 
tained  by  diftillation  from  urine  only,  the  water, 
and  other  more  volatile  parts,  having  been  previ- 
oufty  diftipated  by  heat  in  an  open  velTel.  To- 
wards the  end  of  this  procefs,  which  requires  a 
fire  of  ieveral  houis  continuance,  the 
phofphorus  comes  over,  confifting  of  phlogifton, 
combined  with  the  phofphoric  acid,  and  pafles 
into  the  receiver,  containing  water.  But  it  is  r 
now  known,  that  the  phofphoric  acid  exifts  not 
only  in  all  the  folid  parts  of  animals  as  well  as 
in  urine,  but  allb  in  vegetables,  and  is  found  in 
the  mineral  kingdom,  combined  with  lead,  and 
with  iron.  The  fixed  parts  of  the  bones  of  ani-  s 
mals  is  found  to  contain  this  acid,  united  to  calca- 
reous earth. 

If  the  bones  of  animals  be  burned  in  the  fire  till  t 
they  have  become  white,  they  are  in  a proper  ftate  to 
afford  the  phofphoric  acid.  Three  parts  by  weight 
of  this  matter  in  powder  may  be  gradually  added 
to  two  parts  of  concentrated  vitriolic  acid,  and 

afterwards  about  five  parts  of  water.  This  mixture 
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mufl  be  left  to  digeft  for  a day,  water  being  added 
occafionally  to  fupply  what  evaporates,  at  the  end 
of  which  time  more  water  muft  be  plentifully  added, 
and  the  liquid  ftrained  through  a fine  fieve.  What 
remains  in  the  fieve  is  gypfum,  or  vitriolated  lime. 
The  liquor,  by  evaporation  to  drynefs,  leaves  a 
refidue,  conflfting  in  a great  meafure  of  the  phof- 
phoric  acid,  which  has  been  difengaged  from  its 
calcareous  bafe  by  the  vitriolic  acid.  This  refidue. 
Urged  by  a ftrong  heat,  flows  into  a kind  of  glafs 
of  a whitifli  femiopake  appearance.  It  is  not, 
however*  neceflary,  for  the  making  of  phofpho- 
rus,  to  carry  the  evaporation  farther  than  till  the 
matter  has  acquired  the  confiftence  of  fyrupj  which 
may  be  conveniently  performed  in  a copper-veflel. 

V Equal  parts  of  this  liquid,  and  of  charcoal  in 
powder,  mixed  together,  afford  phofphorus  by  diftil- 
lation  in  a good  earthen  retort  (132,  c).  The  re- 
ceiver muft  be  half  filled  with  water,  and  muft 
have  a fmall  hole  pierced  in  its  upper  part,  to 
let  the  elaftic  vapors  efcapej  or,  inftead  of  a re- 
ceiver, the  neck  of  the  retort  may  Amply  be 
plunged  in  water  contained  in  an  open  bafon.  When 
tire  retort  is  red-hot,  the  phofphorus  will  enter 
the  receiver  in  drops,  which  ceafing,  the  whole  appa- 
ratus muft  be  fuffered  to  cool.  The  phofphorus, 
which  is  in  fmall  maffes,  refembling  reddifh  wax, 
or  tallow,  muft  be  preflfed  together  under  water, 
particular  care  being  taken  that  none  remains  flick- 
ing to  the  hands  or  under  the  nails,  as  a fmall 
particle,  taking  fire  when  brought  into  the  air^ 
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in  fuch  a cafe,  might  be  attended  with  very  dif- 
agreeable  confequences.  It  may  be  moulded  into 
flicks,  by  putting  the  pieces  under  water  into 
♦ fmall  upright  tubes  of  glafs,  rather  conical,  and 
flopped  at  the  lower  end  j and  on  heating  the 
water,  the  phofphorus  will  melt  and  take  the  de- 
fired' forms.  The  impurities  that  rife  to  the  up- 
per ends  of  the  tubes,  may  be  cut  off  when  taken 
out  of  the  water,  which  mufl  not  be  done  till  all  is 
cool ; or,  it  may  be  had  exceedingly  pure  by  flrain- 
ing  it  through  a leather  bag  immerfed  in  hot  water. 

But  the  beft  method  of  clearing  phofphorus  from 
the  impurities  of  the  firfl  difliJlation  is  to  diftil  it 

again  with  a very  gentle  heat. 

To  prevent  the  decompofition  of  phofphorus,  it  v 
mufl  be  kept  in  a bottle  with  water  fufficient  to 

cover  it.  , . j • u 

The  phofphoric  acid  may  be  had  combined  with  w 

water,  by  placing  flicks  of  folid  phofphorus  in  a 
glafs  funnel,  inferred  in  the  neck  of  a bottle  con- 
taining water.  A piece  of  glafs  tube,  inferred 
in  the  neck  of  the  funnel,  will  prevent  the  flicks 
from  falling  through.  In  this  fituation,  if  the 
temperature  be  moderately  warm,  the  phofphorus 
will  be  gradually  dccompofed  by  the  flow  com- 
buflion  (170,  y),  and  afford  its  acid  to  the  water. 
The  acid  thus  obtained  is  phlogifticated,  but  be- 
comes gradually  lefs  fo  by  expofure  to  the  air. 

Heat  drives  off  the  water  from  the  phofphoric  x 
acid,  fo  as  to  convert  it  into  a folid  tranfparent 

fubflance  of  an  acid  tafte,  which  deliquefces  by 

O 4 attrafling  j 
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^ attrafling  the  moifture  of  the  atmofphere,  and  dif- 
folvcs  in  water,  at  the  fame  time  producing  heat. 

y When  urine  is  brought  to  the  confiflence  of 
fyrup  by  evaporation,  a fait  is  obtained  in  cryftah, 
called  fufible  fait  of  urine,  or  microcofmic  fait,  at 
firft  vitiated  by  an  addition  of  extradtive  matter 
and  common  fait  j but  which  may  be  purified  by 
fubfequent  folution,  filtration,  and  cryftallization. 
This  fait  confifts  of  the  phofphoric  acid,  combined 
in  part  with  the  volatile  alkali,  and  in  part  with  the 
mineral  alkali.  If  microcofmic  fait  be  expofed  to 
heat,  the  volatile  alkali  is  driven  off,  while  the 
phofphoric  acid  and  mineral  alkali  remain  fixed,  and 
fufe  together  into  a glafs  that  affords  phofphorus 
by- diftillation  with  charcoal  (i  98,  u.) 

^ The  mineral  alkali  in  this  glafs  prevents  a conh- 
derable  portion  of  the  acid  from  being  converted 
into  phofphorus,  formiing  with  it  a compound^ 
which  has  the  properties  of  an  acid.  In  this  ftatc 
it  is  convertible  into  glafs  oy  tne  adlion  of  heat, 
and  efflorefees  by  exppfure  to  the  atmofphere.  It 
is  foluble  in  lefs  than  twice  its  weight  of  hot  water, 
and  cryftallizes  by  cooling.  Bones  affoid  it  as  we\\ 
as  urine. 
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CHAP.  XITI. 

OF  THE  ACIDS  OF  SUGAR,  OF  SORREL,  OF  LE- 
MONS, OF  BENZOIN,  OF  MILK,  OF  SUGAR  OF 
MILK,  OF  ANTS,  OF  FAT,  AND  OF  PRUSSIAN 
" BLUE. 

SUGAR  is  a faline  fubftance,  obtained  from 
moft,  if  not  all,  mitritive  vegetable  fubftances, 
but  moll  plentifully,  or  at  leall  inoft  ufually,  from 
the  fugar-cane,  which  is  cultivated  in  the  warmer 
climates  for  that  purpofe.  In.  the  fettlements  of 
the  Europeans  the  cane  is  crulhed,  by  palTing  it  be- 
tween wooden  rollers,  which  comprels  it  to  fuch 
a degree,  that  the  vegetable  fibres  pafs  through, 
leaving  moft  of  the  juices  behind,  which  run  into 
veflels,  or  troughs,  properly  placed  to  receive  and 
condudl  them  to  the  boilers.  The  addition  of 
alkaline  ley  and  lime-water  is  necelTaiy  to  the 
cryftallization  of  the  fugar,  wliich  takes  place  in 
confequence  of  the  evaporation  by  boiling.  Re- 
peated folutions,  and  boiling  in  lime-water  and 
ley,  with  the  addition  of  oxes  blood,  or  whites  of 
f^r  the  purpofe  of  feparating  the  impuri- 
ties in  the  form  of  ftcum,  render  the  fugar  more 
white  and  pure.  The  inlpilTated  liquor,  contain- 
ing the  fugar,  is  poured  into  conical  earthen 
moulds,  where  it  cryftallizes,  and  the  treacle  is 
|et  out,  by  drawing  a plug  from  an  aperture  in  the 

bottom. 
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bottom,  A ftill  greater  degree  of  purification  is 
obtained  by  Ipreading  an  argillaceous  pafte  over 
the  top  of  the  fugar,  great  part  of  the  remaining 
treacle  being  carried  down  by  the  moifture  that 
flowly  penetrates  the  inafs. 

A very  flow  cooling  of  a foiution  of  fugar,  in 
a heated  room,  caufes  it  to  fhoot  into  large  cryftals, 
called  fugar  candy.  In  other  cafes  the  cryftals 
arc  fmall  and  irregular. 

The  analyfis  of  this  fait  is  yet  imperfedt.  By 
diftillation  alone  it  affords  acid  and  an  empyreu- 
matic  oil,  leaving  a confiderable  refidue.  The 
fait  called  acid  of  fugar,  is,  however,  obtained 
by  another  procefs. 

Let  three  ounces  of  ftrong  nitrous  acid,  whofe 
fpecific  gravity  is  nearly  1.567,  be  mixed  in  a 
tubulated  retort,  with  one  ounce  of  the  fineft  fugar 
in  powder,  to  which,  after  the  foiution  is  com- 
pleted, and  the  moft  phlogifticated  part  of  the 
nitrous  acid  flown  off,  let  a receiver  be  adapted, 
and  the  liquid  gently  boiled.  As  foon  as  it  has 
acquired  a dark  brown  color,  three  ounces  more 
of  nitrous  acid  muft  be  added,  and  the  boiling 
continued  till  the  coloured  fmoking  acid  has  en- 
tirely difappeared.  The  liquor  in  the  retort  muft 
then  be  poured  out  into  a larger  veflel,  and  will 
by  cooling  afford  fmall  quadrilateral  cryftals,  which, 
collected  and  dried  on  bibulous  paper,  weigh  109 
grains.  The  remaining  lixivium  boiled  again  in 
the  retort,  with  two  ounces  of  nitrous  acid,  affords 
43  grains  of  cryftals  by  cooling.  Nitrous  acid. 
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in  the  whole  amounting  to  two  ounces,  being  ad- 
ded, by  fmall  portions  at  a time,  to  the  glutinous 
liquid  remaining  from  the  laft  cryftals,  and  then 
evaporated  to  drynefs,  a faline  mafs  is  obtained, 
which  contains  about  fifteen  grains  of  cryftals.  All 
thefe  produds,  but  more  particularly  the  laft,  re- 
quire to  be  depurated  by  repeated  folutions  and 
cryftalliz&tions  in  pure  water. 

Neither  the  quantities  nor  the  ftrength  of  the  e 
nitrous  acid  ufed  in  procuring  thefe  cryftals  need  be 
nicely  attended  to  j but  the  quantities  obtained  will 
be  confiderably  diminilhed,  if  the  boiling  be  con- 
tinued after  the  vapors  have  difappeared. 

It  is  concluded  that  in  this  procefs  the  nitrous  r 
acid  does  nothing  more  than  combine  with,  and 
carry  off,  the  oily  part  of  the  fugar,  by  that  means 
leaving  the  acid  difengaged.  Thefe  cryftals  are 
therefore  called  the  acid  of  fugar,  or  faccharine 
acid.  They  have  an  exceedingly  pungent  tafte, 
but  excite  an  agreeable  fenfation  on  the  tongue, 
when  diluted  with  water.  Vegetable  blues,  indigo 
excepted,  are  reddened  by  this  acid,  and  it  power- 
fully attacks  and  combines  with  alkalis,  earths,  and 
various  metals,  forming  compounds  that  fufficient- 
ly  diftinguifti  it  from  every  other  acid.  Boiling 
water  diflblves  its  own  weight  of  the  cryftals,  but 
at  60^  it  will  take  up  no  more  than  half  that 
quantity. 

The  faccharine  acid  efflorefces  in  a heat  greater  o 
than  60®.  It  may  be  fublimed  by  fire,  though  not 
without ll  oration.  Repeated  fublimation  deftroys 

hi 
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it}  during  which  a great  quantity  of  aerial  acid 
and  inflammable  air  are  extricated. 

H The  affinity  of  this  acid  to  lime  is  greater  than 
that  of  any  other  acid } the  compound  thus  formed 
is  infoluble  in  water,  and  can  only  be  decompofed 
by  fire.  Hence  the  ufe  of  lime  in  caufing  fugar 
to  cryftaliize.  The  native  juice  has  a fuper- 
abundance  of  acid  that  prevents  cryflallization; 
but  this  impediment  is  removed  by  the  lime,  which 
combining  with  it,  is  either  carried  olf  in  the 
j fkum,  or  finks  to  the  bottom.  Hence  alfo  the 
faccharine  acid  affords  one  of  the  niceft  and  moft 
certain  tefts  to  difcover  lime  in  waters. 

K Salt  of  forrel  confifts  of  the  vegetable  alkali 
fuperfaturated  with  a peculiar  acid.  If  the  abun- 
dant acid  be  faturated  with  volatile  alkali,  and  a 
nitrous  folution  of  ponderous  earth  be  added,  de- 
compofitions  and  new  combinations  take  place  bv 
double  affinity.  The  nitrous  acid  feizes  the  vo- 
latile alkali,  while  the  acid  of  forrel,  uniting  with 
the  ponderous  eai'th,  forms  a compound,  that,  on 
account  of  its  difficulty  of  folution,  falls  to  the 
bottom.  The  fediment  being  walked,  and  placed 
in  pure  water,  may  be  again  decompofed  by  vi- 
triolic acid,  which  forms  marmor  metallicum 
(175,  n)  with  the  earth.  The  difengaged  acid 
of  forrel  may  be  poured  off.  It  is  deftrucftible  by 
fire. 

L If  the  juice  of  lemon  be  boiled  to  the  confift- 
ence  of  fyrup,  the  vapors  that  fly  off  are  not  at 
all  acid,  but  the  refidue  will  not  afford  cryftals. 

A quan- 
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A-  quantity  of  pulverized  chalk  being  added  to ' 
faturacion  to  boiling  lemon-juice,  combines  witn 
the  difengaged  acid,  and  forms  a compound,  which, 
becaufe  very  fparingly  foluble  in  water,  is  precipi- 
tated. The  faponaceous  and  mucilaginous  matter 
of  the  juice  remains  in  the  fupernatant  fluid,  and 
mufl:  be  decanted  from  the  precipitate,  lukewarm 
water  being  repeatedly  poured  on  this  laft  till  it 
comes  off  colourlefs.  To  decompole  the  precipi-' 
tate,  ftrong  oil  of  vitriol,  equal  in  weight  to  the  • 
chalk  made  ufe  of,  but  diluted  with  ten  times  its. 
bulk  of  water,  mufl:  be  added.  The  mixture,  after 
a few  minutes  boiling,  will  contain  the  vitriolic 
acid  united  to  the  lime  in  the  form  of  gypfum, 
(174,  m)  and  the  acid  of  lemon  difengaged  in 
the  water.  Filtration  or  decantation  will  fepa- 
rate  the  gypfum,  and  the  acid  of  lemon  may  be 
obtained  in  cryflals  by  evaporating  the  water.  The 
cryftallization,  however,  will  not  take  place,  if,  for 
want  of  ftrcngth,  or  a due  quantity  of  vitriolic 
acid,  there  be  left  any  lime  in  the  folution.  This  may 
be  known  by  adding  a fmall  quantity  of  vitriolic 
acid  to  the  folution  when  evaporated  to  the  confift- 
ence  of  thin  fyrup.  If  any  precipitation  takes 
place,  more  vitriolic  acid  mufl:  be  added  ^ and  this 
laft:  acid,  if  fuperfluous  in  quantity,  will  be  found 
in  the  refiduum  after  cryftallization.  The  acid  of  m 
lemons,  by  digeftion  with  fpirit  of  wine  and  water, 
is  converted  into  vinegar. 

The  faponaceous  matter,  decanted  off  after  the  n 
addition  of  chalk  to  the  lemon  juice,  may  be  con* 

verted 
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vertdd  into  acid  of  fugai  by  treatment  with  nltroitf 

o acid,  but  the  acid  of  lemons  cannot.  It  therefore 
appears,  that  lemons  contain  two  acids,  namely, 
the  acid  of  lemons,  difengaged,  and  the  acid  of 
fugar,  in  combination  with  oily  or  mucilaginous 
matter*  Befides  this,  a fmall  quantity  of  vege- 
table alkali  is  found,  which  fliews  itfelf  by  form- 
ing tartar,  when  the  tartareous  acid  is  dropped  into 
lemon  juice,  and  fufFered  to  Hand  fome  days. 

r The  fragrant  refin,  called  benzoin,  or  benjamin, 
affords  a concrete  acid  in  the  form  of  flender  fpi- 
culae,  by  fublimation,  either  in  clofed  veffels,  or  hy 
adapting  a long  paper-funnel  to  an  earthen-pot, 
containing  the  benzoin  in  fufion  over  the  fire.  This 
acid  may  be  obtained  in  a ftate  of  greater  purity 
by  careful  boiling  in  powder  with  lime-water.  The 
lime  unites  with  the  acid  j and  upon  the  addition 
ofmarine  acid,  the  acid  of  benzoin,  which  is  fcarcely 
foluble  in  cold  water,  falls  to  the  bottom,  while  the 
muriated  lime  remains  in  folution.  The  acid  of 
benzoin  is  deftruftible  by  heat,  and  when  fet  on 
fire  continues  to  burn  with  a bright  yellow  flamie. 
It  is  readily  foluble  in  ardent  fpirit,  even  in  the  cold. 
Milk  in  a fhort  time  grows  four  and  thick  dur- 
ing fummer.  By  filtration  and  evaporation  the 
curds  may  be  feparated,  and  the  whey  is  found  to 
contain  an  effential  fait,  animal  earth,  or  phof- 
phorated  lime,  (197,  s)  fugar  of  milk,  a fmall 
portion  of  falited  vegetable  alkali,  (193,  x)  and 
fome  mucilaginous  matter.  The  whey  being  evapo- 
rated to  one-eighth,  for  the  more  effedual  fepara-^ 
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tion  of  the  curd,  and  then  drained}  the^acid  is  to 
be  faturated  with  lime.  The  phofphorated  lime  is 
by  this  means  precipitated,  becaufe  deprived  of  the 
excefs  of  acid  that  before  rendered  it  foluble,  but 
the  acid  of  milk,  forming  a foluble  compound  with 
the  lime,  ftill  remains  fufpended:  the  former  is 
therefore  feparable  by  filtration.  A folution  of 
the  acid  of  fugar  being  added,  feizes  the  lime, 
(204,  h)  and  leaves  the  acid  of  milk  again  un* 
combined.  Spirit  of  wine  dilTolves  this  acid, 
but  none  of  the  other  fubftances  that  remain  in  the 
whey.  Evaporate  the  water,  which  would  impede 
the  adion  of  the  fpirit  by  diluting  it } and  when  the 
mafs  is  of  the  confidence  of  honey,  add  the  Ipi- 
rit.  To  this  acid  folution,  after  filtering,  add  pure 
water.  Didillation  will  carry  off  the  Ipirit,  and 
leave  in  the  retort  pure  acid  of  milk,  diffolved  in 
water.  The  acid  of  milk  yields  no  crydals,  and 
when  evaporated  to  drynefs,  deliquefees  again.  It 
is  dedrudible  by  fire,  affording  water,  a weak  acid, 
aerial  acid,  inflammable  air,  and  coal.  It  exceeds 
vinegar  in  attradive  power,  and  appears  to  be  an 
incomplete  vinegar,  for  want  of  a fufficient  quantity 
of  ardent  fpirit.  For,  if  a fmall  proportion  of  R 
ardent  fpirit  be  added  to  milk,  the  fermentation 
becomes  more  perfed,  and  vinegar  is  produced 
inftead  of  this  acid : and,  in  addition  to  this,  the  s 
acid  of  milk,  with  the  addition  of  ardent  fpirit,  is 
converted  into  vinegar  after  a month’s  digeftion. 

By  evaporating  whey  to  the  confiftence  of  fyrup,  t 
a fweet  fait  is  obtained  in  ciyftals,  called  fi5gar  of 
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milk,  which  may  be  purified  by  fubrequent  folu- 
tion,  and  cryflallization  in  water.  In  fiinple  diftil-* 
lation  its  products  are  nearly  the  fame  as  thofe  of 
I'ugarj  but  when  treated  with  nitrous  acid  (202,  d) 
it  affords  fifteen  and  one4ialf  parts  in  the  hundred 
of  faccharilie  acidj  and  about  twenty-three  and  a 
half  of  another  acid>  only  found  in  fugar  of  milk.' 
This  laft  is  in  the  form  of  a white  powder.  Sixty 
parts  of  boiling  water  diffolve  one  of  this  acid,  and, 
on  cooling,  about  one-fourth  part  of  the  powder 
feparates  in  the  form  of  very  fmall  tryftals.  It  is- 
decompofed  by  fire. 

V . When  an  ant-hill  is  ftirred  with  a flick,  the 
enraged  infedls  emit  an  acid,  which  may  be  per-^ 
•ceived  to  be  fuch,*  both  from  its  fmcll  and  tafte.* 
Water,  or  ardent  fpirit,  in  which  they  are  agitated, 
becomes  acid.  In  the  procefs  with  fpirit,  part  of 
the  acid  arifes  in  diftillation  with  the  fpirit,  but  the’ 
greater  part  remains  united  with  the  phlegm  in  the 
retort.  Frefh  ants  afford  by  diftillation,  without 
addition,  near  half  their  weight  of  acid.  This, 
like  all  the  acids  of  vegetables,  is  refolvable  by  heat 
into  aerial  acid,  and  inflammable  air. 

V The  acid  of  fat  is  obtained  by  repeated  diftilla- 
tions  of  that  fubftance. 

w Pruffian  blue  is  a beautiful  pigment,  well  known 
in  the  arts.  It  is  produced  by  the  union  of  calx  of 
iron,  with  a peculiar  acid.  The  procefs  for  making- 
it  is  as  follows : Calcine  equal  parts  of  vegetable- 
fixed  alkali,  and  dried  bullocks  blood,  till  it  ceafes 
to  emit  either  flame  or  fmoke ; then  raife  the  fire 
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fo  as  to  give  the  mafs  a low  red  lieat.  • Throw 
this  matter  red-hot  into  as  many  quarts  of  water  as 
there  were  pounds  of  the  original  mixture,  and  boil 
it  for  half  an  hour.  Decant  this  liquid,  and  wafh  * 
the  coaly  refidue  with  more  water,  till  it  comes  off 
almoft  infipid.  Add  this  laft  water  to  the  former, 
and  boil  the  whole  till  it  is  again  reduced  to  the 
former  number  of  quarts.  This  is  the  lixivium  x 
fanguinis,  or  pruflian  alkali ; which,  if  added  in 
proper  quantity  to  a folution  of  iron,  precipitates 
it  partly  in  the  form  of  a calx,  and  partly  in  the 
form  of  prullian  blue.  The  marine  acid  being 
poured  on  this  precipitate  after  edulcoration,  dif- 
folves  the  calx,  and  leaves  the  prulTian  blue  much 
purer.  The  method  of  combining  the  alkali  with 
the  pruflian  acid  by  calcination  does  not  faturate 
the  whole  j for  which  reafon  part  of  the  iron  is 
thrown  down  in  a calciform  ftatc  by  that  portion  of 
the  alkali  which  affords  no  pruffian  acid;  But  for  v 
chemical  purpofes  the  pruflian  'ley  is  produced  by 
boiling  the  alkali  in  pruflian  blue'  ready  formed. 
The  calx  of  iron  is  thus  deprived  of  the  pruflian 
acid  by  the  alkali,  to  which  it  has  a greater  affinity, 
and  which  it  only  quits  when  there  is  another  acid 
prefent  to  unite  with  the  alkali,  as  in  the  juft-men- 
tioned inftance  of  the  folution  of  iron,  where  a 
double  affinity  takes  place.  The  pruflian  alkali  2 
prepared  in  either  way  contains  fome  iron.  It 
can  be  had  pure  in  no  other  way  than  by  direftly 
combining  the  pure  pruffian  acid  with  a pure 
alkali. 
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A Pruflian  alkali,  boiled  ia  a retort,  with  weak 
vitriolic  acid,  emits  the  pruflian  acid  in  an  aerial 
inflammable  form,  which  may  be  abforbed  by 
water  placed  in  the  receiver.  But  as  a portion  of 
vitriolic  acid  comes  over  likewife,  a fecond  diftil- 
lation  is  necelTary,  with  the  addition  of  chalk. 
The  vitriolic  acid  by  this  means  forming  gypfum, 
is  detained,  while  the  pruflian  acid  pafles  over 
totally,  before  one-fourth  of  the  water  is  diftilled 
off.  It  is  not  therefore  neceflary  to  continue  the 
diftillation  beyond  that  period. 
i This  acid  is  found  to  confift  of  aerial  acid,  vola- 
tile alkali  and  phlogifton.  If  equal  parts  of 
pulverized  charcoal  and  vegetable  alkali  be  made 
red-hot  for  a quarter  of  an  hour  in  a crucible,  and 
fome  fal  ammoniac,  in  fmall  pieces,  be  then  brilkly 
ftirred  down  into  the  mafs,  the  ammoniacal  vapours 
will  foon  ceafe.  The  ignited  matter  being  thrown 
into  water,  affords  a lixivium  equal  to  the  beft  that 
is  made  with  blood. 

c A folution  of  the  faturated  pruflian  alkali  is  a 
- valuable  precipitant  for  difeovering  iron  in  liquids } 
no  other  fubftance  forming  pruflian  blue. 
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Of  ferMentationj  and  the  aerial,  tarta* 

REOUS  AND  ACETOUS  ACIDS. 

WHEN  animal  or  vegetable  fubftances  have  d 
their  organization  by  any  means  Co  far  im- 
paired as  to  be  no  longer  capable  of  performing 
the  offices  to  which  they  were  adapted,  life  ceafes, 
and,  unlefs  the  temperature  and  drinefs  of  the  fur- 
rounding medium  be  fuch  as  either  quickly  to  eva-  _ 
porate  all  the  moifture,  and  more  volatile  parts,  or 
to  fix  the  whole  mafs  by  congelation,  certain  che- 
mical procefTes  take  place  Ipontaneoufly,  by  means  - 
of  which  both  the  fluid  and  folid  parts  lofe  their 
former  arrangement  and  compofition,  at  the  fame 
time  that  new  combinations  are  formed.  This  aft  s 
of  change  is  called  fermentation,  and  is  properly 
diftinguiffied  into  three  ftages,  namely,  the  vinous 
or  fpirituous,  the  acetous,  and  the  putrefaftive  fer- 
mentations. 

, It  is  generally  underftood,  that  the  vinous  fer-  f 
mentation  docs  not  take  place  except  where  fugar  is 
prefent.  The  temperature  moft  favourable  to  this 
fermentation  is  between  thirty-fix  and  ninety  de- 
grees ; and  the  principal  phenomena  are  thefe. 
Tlie  liquor  becomes  opake,  and  warm.  Aerial 
acid  rifes  in  minute  bubbles  from  all  parts.  Muci- 
lage is  ^parated  j part  fubfiding  to  the  bottom, 
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and  part  being  carried  to  the  top  by  the  fixed 
air.  For  a certain  time  thefe  appearances  increafe, 
but  afterwards  difninilh,  and  at  length  totally 
ceafej  the  fluid  has  then  a pungent  fpirituous 
tafte,  iiiftead  of  the  fweetnefs  it  had  before : its 
fpecific  gravity  is  confiderably  lefs  j and  it  affords 
H ardent  fpirit  by  diflillation.  The  quantity  of 
ardent  fpirit  afforded  by  any  fermcnced  liquid  k 
thought  * to  be  in  proportion  to  the  diminution 
its  fpecific  gravity  undergoes  by  fermentation ; 
whether  this  be  true  or  no,  has  not  yet  been 
proved  by  experiments}  but  it  is  highly  pro- 
bable that  an  attention  to  this  diminution  will 
afford  the  manufadlurer  fome  method  of  eftimat- 
ing  the  ftrength  of  beer,  wine,  and  other  liquors 
' of  the  like  nature. 

I If  the  liquid  in  this  fliate  be  confined  in  Clofe 
veffels}  the  fermentation  continues,  but  with  ex- 
treme flownefs } an  acid  fait,  called  tartar,  is 
depofited,  and  the  tafte  of  the  liquor  becomes 
milder,  and  more  agreeable. 

K.  But  if  the  fermentative  procefs  be  fuffered  to 
' go  on  in  open  veffels,  more  efpecially  if  the  tem- 
perature be  raifed  to  90",  the  fecond  ftage,  or 
acetous  fermentation,  comes  on,  air  is  emitted, 
the  mafs  grows  warm,  and  mucilage  is  depofited : 
the  ipteftine  motion  at  length  ceafes,  and  the 
liquid  becomes  clear : it  is  then  vinegar,  and  may 
be  had  purer  by  diftillation.  Ardent  fpirit  is  no 

' * Richardfon  on  Brewing.  London,  1784. 

longer  n 


FERMENTATION. 


(213 

longer  found  in  the  liquid,  but  the  vinegar,  when 
fufficiently  concentrated,  is  itfelf  inflammable. 

The  crude  vinegar  may  be  kept  in  well  clofed 
veffels  j but  if  it  be  fuffered  to  continue  in  the 
open  veflTels,  it  gradually  lofes  its  acidity,  becomes 
vifcid  and  foul  i emits  air;  {links ; volatile  alkali 
flies  off ; an  earthy  fediment  is  depofited,  and  the  re- 
maining liquid  is  mere  water.  This  is  the  third  ftage. 

The  three  ftages  of  fermentation  are  never  in-  m 
verted  in  their  order ; that  is  to  fay,  bodies  that 
have  paffed  the  fpirituous  fermentation  proceed  to 
the  acetous,  and  afterwards  to  the  piitrefaftive  pro-  • 
cefs,  and  cannot  again  be  fubjedled  to  either,  after 
paffing  it.  Bodies  that  begin  to  be  deftroyed  by 
the  acetous  fermentation  proceed  afterwards  to 
the  putrefa6live,  but  are  incapable  of  the  vinous 
procefs.  And  fuch  bodies  as  immediately  putrefy 
cannot  be  made  to  undergo  either  of  the  other 
ftages.  Some  are  of  opinion  that  all  vegetable  or  n 
animal  bodies,  which  are  deftroyed  by  fpontaneous 
decompofition,  undergo  the  complete  fennenta- 
tive  procefs,  but  that  the  duration  of  one  or  more  - 
of  the  three  ftages  is  too  fhort  to  admit  of  their 
being  properly  diftinguifhed  by  obfervation. 

The  aerial  acid,  or  fixed  air,  is  not  only  pro-  o 
duced  in  fermentation,  but  is  found  in  mines, 
caverns,  or  wells,  or  combined  with  water  or 
earths  (155,  f,  o.  162,  b),  and  is  befides  produced 
in  various  chemical  procefles.  Its  fpecific  gravity 
being  about  one  and  a half  time  that  of  atmof- 
pherical  air,  caufes  it  to  lodge  in  the  lower  parts 
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.of  mines,  where  it  is  called  choke  damp.  Its 
prefence  is  firft  obferved  by  the  extinction  or  im- 
perfect burning  of  the  lights  of  the  miners.  Pure 
fixed  air  is  inftantly  fatal  to  animals  that  breathe 
P it.  The  atanofphere  always  contains  fome  of  this 
acid,  ivime-water  is  the  niceft  teft  for  difcovering 
it  i the  lime  being  rendered  mild  and  precipi- 
tated (i6i,  z).  The  immenfe  quantity  of  this 
air,  which  is  difcharged  by  the  vinous  fermenta- 
tion in  breweries,  affords  opportunities  of  making 
the  more  obvious  experiments  in  a very  eafy 
and  ftriking  manner.  For  the  ftratum  of  air  that 
covers  the  fermenting  liquor  is  about  ten  or  twelve 
inches  deep,  or  more,  accordingly  as  the  hori^ 
zontal  feClion  of  the  veiTel  is  higher  above  the  fur- 
face  of  the  liquor.  Candles  plunged  in  this  body 
of  air  are  inftantly  extinguiftied,  and  the  fmoke 
remaining  in  the  fixed  air  renders  its  furface  vi- 
fible.  Agitation  throws  it  into  waves.  Water  in 
a difti,  immerfed  in  the  fixed  air,  and  ftirred  brifk- 
ly,  foon  receives  a ftrong  impregnation  and  lively 
tafte.  This  aerial  fluid  may  be  dipped  into,  and 
brought  out  in  a jar,  lik^  any  other  fluid  which 
is  denfer  than  air,  and  does  not  readily  mix  w'ith 
it.  Nothing  can  be  more  fingular  than  the  expe- 
ments  made  by  pouring  this  air  out  of  one  veffel 
into  another,  A candle  becoming  immediately 
extinCt  j an  animal  expiring  in  a few  feconds,  or 
an  alkali  cryftallizing,  when  included  in  the  veffel 
that  receives  the  fixed  air  at  the  fame  time  that 
the  fight  cannot  perceive  any  thing  that  is  poured. 

The 
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The  tartar  that  feparatcs  from  wines  during  the  r 
flow  fermentation  (212,  i),  confifts  of  the  vege- 
table alkali  united  to  a peculiar  acid.  When  puri- 
fied by  folution  and  cryftallization,  it  is  in  com- 
merce called  cream  ol  tartar.  The  acid  in  cream 
of  tartar  is  more  than  fufficient  to  faturate  the 
alkali.  At  a moderate  temperature,  this  fait  re- 
quires about  one  hundred  and  fifty  parts  of  water 
for  its  folution.  This  fmall  degree  of  folubility  s 
in  tartar  is  wonderful,  when  it  is  confidered  that 
the  acid,  or  the  alkali  fingly,  or  even  the  neutral 
fait  produced  by  perfeft  faturation  of  each,  are  very 
foluble. 

The  moft  convenient  method  of  procuring  the  t 
acid  of  tartar  is,  to  add  dry  powdered  chalk,  by 
fmall  portions  at  a time,  to  one  hundred  parts  of 
the  fait  difiblved  in  boiling  water,  in  a tin  velfel. 
About  twenty-eight  parts  will  be  required  before 
the  effervefcence  ceafes.  At  this  period  the  liquid 
muft  be  decanted,  and  will  afford,  by  evaporation, 
fifty  parts  of  the  perfeftly  neutral  fait,  called  fo- 
iuble  tartar,  or  tartarized  vegetable  alkali.  The 
remaining  powder  confifts  of  tartarized  lime,  and 
weighs  one  hundred  and  three.  On  this  walhed 
powder  let  thirty  parts  of  the  ftrongeft  vitriolic 
acid,  firft  diluted  with  two  hundred  and  feventy 
parts  of  water,  be  gradually  poured.  After  twelve 
hours  digeftion,  the  mixture  being  frequently  ftir- 
red  with  a wooden  fpatula,  the  clear  liquor  may  be 
poured  off,  and  confifts  of  the  acid  of  tartar  diffolved 

in  water.  The  vitriolic  acid  remains  combined 

p 4 with 


si6  aCid  of  tartar* 

with  the  lime  in  the  form  of  gypfum.  To  dif- 
cover  whether  the  folution  contains  any  vitriolic 
acid,  a drop  or  two  of  a weak  folution  of  fugar 
of  lead  (which  confifts  of  the  calx  of  lead  united 
to  vinegar)  may  be  added.  A white  fediment  falls 
of  vitriolated  lead,  if  that  acid  be  prefent,  but  if 
not,  of  tartarized  lead.  It  may  be  eafily  known 
by  the  affufion  of  ftrong  vinegar  on  the  precipi- 
tate, which  of  the  two  acids  enter  into  its  compo- 
fition : for  tartarized  lead  will  difappear  by  folu- 
tion, but  vitriolated  lead  will  not.  If  the  gyp- 
feous  refidue  contain  any  tartarized  lime,  it  may- 
be known  by  throwing  a portion  on  hot  coals, 
in  which  cafe  the  powder  will  grow  black,  and 
emit  a fmell  of  fpirit  of  tartar.  After  filtration, 
and  evaporation  to  the  confiilence  of  fyrup,  the 
folution  of  tartareous  acid  affords  cryftals.  The 
quantity  of  acid  weighs  thirty-four,  when  the 
evaportion  is  carried  to  drynefs. 
u Certain  vegetables,  that  have  not  undergone 
fermentation,  likewife  contain  the  tartareous  acid, 
v By  digeftion  with  water  and  ardent  fpirit,  this 
acid  is  converted  into  vinegar.  In  the  fire  it  grows 
black,  and  affords  a fpongy  coal,  which  contradts 
much,  and  grows  white  by  ignition.  By  diftilla- 
tion  it  affords  phlegm,  fcarcely  acid,  with  fome 
oil,  and  leaves  an  earthy  refidue,  neither  acid  nor 
alkaline.  It  is  not  convertible  into  faccharine  acid 
by  treatment  with  nitrous  acid, 
w Crude  vinegar  may  be  rendered  much  ftronger 
by  expofing  it  to  the  froft.  The  water  freezes 
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alone,  and  leaves  the  acid  greatly  concentrated ; 
the  water  exceeding  the  acid  that  remains  three 
or  four  times  in  quantity,  or  more,  according  to 
the  intenfity  of  the  cold.  This  procefs  renders 
the  vinegar  much  lefs  difpofed  to  the  putrid  fer- 
mentation. For  this  laft  purpofe,  however,  it  may  x 
be  of  importance  to  obferve,  that  boiling  for  a 
Ihort  time,  either  prevents  the  putrid  fermentation 
from  coming  on,  or  at  leaft  retards  it  very  much. 
.Common  vinegar,  after  fuch  boiling,  will  keep 
for  feveral  years  *, 

By  diftillation  of  crude  vinegar  the  acid  is  ob-  y 
tained  in  that  ftate  of  purity  in  which  it  is  called 
the  acetous  acid.  It  is  then  no  longer  fufceptible 
of  the  putrid  fermentation.  Like  the  other  acids, 
it  a£hs  on  alkalis,  earths,  and  metals,  with  which  it 
forms  compounds  diftinftive  of  its  own  peculiar 
nature. 

The  acetous  acid  may  be  had  very  ftrong  by  z 
diftillation  from  cryftals  of  verdigris,  which  is  a 
fait  confifting  of  copper  combined  with  the  acetous 
acid.  It  is  then  called  radical  vinegar. 

• Scheele’s  EfTays. 


CHAP. 


VECETABLS  ALKALI, 


2lS 


CHAP.  XV. 


OF  THE  alkalis. 


EITHER  the  vegetable  fixed  alkali,  nor 
any  of  the  faUs  containing  it,  are  found  in 
foftfiderable  quantity  in  the  mineral  kingdom. 
B It  is  procured  by  burning  vegetable  fubftances  in 
the  open  air,  the  fait  being  obtained  from  their 
afhes  by  elixiviating  them  in  water,  and  evapo- 
rating the  clear  folutian  to  drynels.  The  crude 
or  unrefined  alkali,  procured  from  wood-afhes,  is 
called  pot-alh.  It  is  imported  from  the  northern 
parts  of  Europe,  w’here  wood  is  cheap,  and  con- 
tains about  half  its  weight  of  common  fait  in  the 
ftate  in  which  it  is  ufually  retailed  in  London, 
An  addition  made  doiibtlefs  with  a view  to-  frau- 
c dulent  profit.  Pot-alh  may  be  rendered  purer  by 
folutlon  in  water  and  boiling.  As  the  water  eva- 
porates, the  common  fait  will  cryftallize  and  fub- 
fide,  and  the  lye  may  be  poured  off  at  various 
times.  The  greater  part  of  any  falts  it  may  con- 
tain are  thus  feparated,  after  which  the  alkali 
may  be  dried,  and  placed  on  an  inclined  plane  of 
glafs,  in  a damp  place.  The  pureft  part  of  the 
alkali  will  attraft  the  humidity  of  the  air,  and 
run  oft  in  a liquid  form  into  any  receptacle 
placed  for  that  purpofe. 

0 There  is  not,  however,  any  method  fufficiently 
eaiy  to  render  the  fixed  alkali  of  pot-afii  pure  enough 
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for  nice  chemical  purpoles,  more  efpecially  as  this 
lalt  may  be  had,  without  much  trouble,  from  nitre 
or  tartar.  If  the  fineft  prifmatic  nitre  be  de-  e 
flagrated  with  charcoal  (183,  i)  the  acid  flies  off*, 
and  the  alkali  remains  in  a mild  ftate,  and  very 
pure.  For  this  piirpofe  the  nitre  muft  be  made 
red  hot,  in  a crucible  much  larger  than  is  fufli- 
cient  to  contain  it,  and  a fmall  quantity  of  grofsly 
powdered  charcoal  muft  be  added.  The  inflam- 
mation inftantly  takes  place,  and  continues  till  all 
the  charcoal  is  confumed.  More  coal  muft  then 
be  added,  and  the  fame  repeated  till  no  farther 
detonation  happens  ; care  being  taken  to  raife  the 
heat  towards  the  end  of  the  procefs,  fo  as  to  keep 
the  alkali  in  fufion,  left  it  fliould  cover  and  pro- 
teft  the  remaining  nitre  from  the  contact  of  the 
coal.  This  is  called  fixed  nitre,  though  there  is  f 
po  difference  between  the  fpecimens  of  vegetable 
fixed  alkali,  when  well  prepared,  whatever  fub- 
jeft  it  may  have  been  originally  obtained  from. 

The  vegetable  alkali  of  tartar  is  very  pure,  and  g 
preferred  by  chemifts  to  any  other.  The  tartar  is 
wrapped  in  wet  brown  paper,  and  the  parcels  are 
placed  in  beds  or  ftrata,  alternately  with  beds  of 
charcoal  in  a furnace.  The  whole  is  then  fet  on 
fire,  and  the  fire  continued  till  the  blackening 
fmoke  ceafes  to  rife.  If  the  heat  be  too  intenfe, 
the  alkali  will  melt,  and  mix  with  the  impuri- 
ties of  the  coal ; but  when  the  procefs  is  well 
conducted,  the  parcels  of  fait  may  be  taken  out 
entire.  By  elixiviation  in  pure  water,  with  filtra- 
tion. 
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tion,  evaporation,  drying,  and  calcining,  for  a 
confiderable  time,  with  a low  heat,  the  mild  alkali 
is  obtained  very  pure  and  white. 

H Equal  parts  of  tartar  and  grofsly  powdered 
nitre,  detonated  together,  afford  a very  good  ve- 
getable alkali ; the  acid  of  the  tartar  abounding 
with  fufficient  phlogifton  to  decompofe  the  nitre. 
When  fmall  quantities  of  this  arc  prepared  at 
once,  it  generally  happens  that  the  decompoli- 
tion  is  not  entirely  completed,  fo  that  nitre  and 
tartar  remain  mixed  with  the  alkali  j a circum- 
ftance  of  no  confeqiience  in  the  principal  ufe  to 
which  this  alkali  is  applied,  namely,  to  bring 
earthy  matters  into  fufion  by  fire.  It  is  called 
white  flux. 

I For  fome  operations  this  mixture  of  nitre  and 
tartar  are  made  ufe  of  without  previous  detona- 
tion. In  this  ftate  it  is  called  crude  flux. 

K Two  parts  of  tartar,  and  one  of  nitre  being 
detonated  together,  produce  an  alkali  abounding 
with  tartar  and  coally  matter.  It  is  of  ufe  in 
luch  fufions  as  require  phlogifton  to  be  afforded, 
as  in  the  fufion  or  redudion  of  metals.  It  is 
called  black  or  reducing  flux. 

L The  vegetable  alkali  attradls  the  moifture  of  the 
air,  and  does  not  cryftallize,  unlefs  combined  with 
the  aerial,  or  fome  other  acid. 

M The  mineral  fixed  alkali  exifts  in  vaft  quantities 
in  the  common  fait  of  the  ocean,  or  fait  fprings,  or 
in  rock  fait  (189,  h.)  It  is  fometimes  found  com- 
bined with  the  vitriolic  acid  in  the  form  of  Glau-r 
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ber’s  fait  (174,  K.)  On  old  walls  it  is  found  united 
to  fixed  air  and  water  j in  which  (late  it  is  colleacd 
at  the  furface  of  the  earth  in  many  places  in  Afia 
and  Africa.  Borax  likewife  contains  it  (196,  l). 

The  mineral  alkali  has  not  been  procured  fi'om  the  n 
native  falts  containing  it,  the  aerial  excepted,  by 
any  procefs  fufficiently  cheap.  It  is  obtained  by  o 
the  incineration  of  certain  plants  of  the  kali  kind, 
throwing  near  the  fea-fide.  The  crude  mineral 
alkali  in  commerce  is  called  foda,  or  barillia.  It 
contains  feveral  neutral  falts  in  fmall  proportions. 

lolution  and  cryftallization  in  water  arc 
ufed  to  purify  it,  as  it  is  more  foluble  than  the  other 
falts  that  contaminate  it,  and  confequently  cryftal- 
lizes  laft  of  all.  For  very  nice  purpofes  the  pu-  P 
reft  common  fait  may  be  decompofed  by  melting 
with  calx  of  lead;  the  acid  combining  with  the  lead, 
and  leaving  the  alkali  difengaged  ; or  common  fait  Q. 
may  be  decompofed  by  the  addition  of  nitrous  acid, 
which  feizes  the  alkali,  and  forms  quadrangular  nitre. 
The  nitre  being  deflagrated  with  charcoal,  leaves 
the  alkali  difengaged.  In  either  cafe,  if  common  fait 
or  nitre  remain  in  the  alkali,  they  will  be  feparated 
by  folution  in  water,  and  evaporation. 

The  mineral  alkali  is  uftially  combined  with  R 
enough  of  fixed  air  to  render  it  cryftallizable.  Its 
cryftals  contain  above  half  their  weight  of  water, 
which  flies  oflf  by  expofure  to  the  air,  leaving  the 
fait  in  a dry  white  powder.  This  alkali,  when, 
deprived  of  fixed  air,  will  not  cryftallize,  but,  like 
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the  vegetable  alkali,  attracts  humidity  from  the 
air,  and  becomes  fluid. 

s The  vegetable  and  mineral  alkalis  have  a very 
great  refemblance  to  each  other  in  their  proper- 
ties, but  the  eledive  attradion  of  the  former  is,  in 
general,  the  mofl;  powerful.  Their  combinations 
with  acids  have  already  been  treated  of.  Their 
adion  on  metals  in  the  humid  way  is  not  confide- 
rable.  The  calces  of  feveral  metals  are  foluble  in 
alkalis  by  the  dry  naethod,  as  are  likewife  all  the 
earths.  Siliceous  earths  in  particular,  form,  by 
fufion  with  alkalis,  that  beautiful  produd  of  human 
induftry,  glafs.  Cauftic,  or  pure  alkalis,  unite  with 
oily  or  fat  fubffances,  and  form  foap. 

T The  procefs  for  making  glafs  is  Ample  j but  the 
pradice  is  by  no  means  eafy.  From  one  to  two 
parts  of  alkali  are  mixed  with  tw^o  parts  of  vitri- 
Aable  earth,  and  the  mixture,  calcined  for  a time  in 
a heat  not  fufficient  to  convert  it  into  glafs.  By 
this  management  great  part  of  the  more  volatile 
' matters,  that  might  caufe  the  melted  mafs  to  froth 
and  fwell,  are  dilTipated.  Thefe  calcined  mate- 
rials, called  frit,  are  then  melted  into  glafs  by  a 
ftronger  heat  j which, when  formed  into  utenfils,is  gra- 
dually cooled  in  an  oven.  This  is  called  annealing. 
The  imperfedions  of  glafs  are,  opake  Ipots,  bub- 
bles, veins,  or  a coloured  tinge.  Some  'glafs  will 
change,  or  be  corroded  by  the  adion  of  the  air,  or 
chemical  menftrua.  Such,  in  general,  has  too 
much  alkali,  or  has  not  been  held  long  enough  in 
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fijfion.  Some  will  crack  by  fmall  changes  of  tem- 
perature, by  wiping,  or  by  die  flight  fcratches  that 
an  iron-inftrument  may  make,  or  that  may  be  pro- 
duced by  placing  the  ucenfil  on  a table  where  a 
particle  or  two  of  land  may  cafually  lie.  Thele 
faults  commonly  arife  from  a want  of  fufficient 
annealing,  or  the  glafs  being  fuffered  to  grow  too 
cold  before  it  is  carried  to  the  annealing  oven. 
The  management  of  the  heat  is  faid  to  be  of  great 
importance  in  this  art. 

The  art  of  making  foap  confifts  in  depriving  the  u 
alkali  of  the  fixed  air  it  may  be  combined  with, 
and  afterwards  combining  it  with  fome  oily  fub- 
ftance,  which,  in  the  maniifa<51:ories,  is  done  by  a 
gentle  boiling.  One  part  of  quicklime,  and  two 
of  foda,  are  boiled  together  for  a fliort  time,  with 
twelve  parts  of  water.  The  filtered  lixivium  is 
loap-lye,  or  a folution  of  cauftic  alkali,  and  may 
be  concentrated  by  heat.  If  it  be  concentrated  till 
its  fpecific  gravity  is  about  1.37  5,  or,  which  is  the 
fame  thing,  till  a phial  that  can  contain  an  ounce 
of  water  will  hold  one  ounce  feven  penny-weights 
and  a half  of*  the  lye,  the  foap  may  be  made  v/ith- 
out  boiling.  One  part  of  this  lye  mull  be  mixed 
with  two  of  olive-oil  in  a glafs  or  ftone-ware  vefiel. 
The  mixture  being  ftirred  from  time  to  time  with 
a wooden  fpatula,  foon  becomes  thick  and  white, 
and  in  feven  or  eight  days  the  combination  is 
completed,  and  forms  a very  white  and  firm  foap. 

The  lye  in  large  manufactories  is  made  no  {Ironger  w 
than  to  float  a new-laid  egg,  when  the  workmen  begin 
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to  form  the  mixture.  To  a part  of  the  lye  diluted 
they  add  an  equal  weight  of  oil,  which  is  fet  on  a 
gentle  fire,  and  agitated.  When  the  mixture  be- 
gins to  unite,  the  reft  of  the  lye  is  added,  and  the 
whole  digefted  by  a gentle  heat  till  the  foap  is 
formed.  If  it  be  well  made  it  is  firm  and  white, 
not  fubjed  to  become  moift  by  expofure  to  the 
air,  and  completely  mixes  with  water,  without 
exhibiting  any  drops  of  oil  on  the  furface.  Trial 
is  made  of  it,  and  the  requifite  alterations  are  ob- 
tained by  the  addition  either  of  oil  or  alkali.  At 
the  end  of  the  boiling  common  fait  is  thrown  in. 
A twofold  effed  is  hereby  produced.  The  foap 
is  feparated,  becaufe  not  difflifible  in  falt-water ; 
and  it  is  rendered  harder  by  the  complete  reparation 
of  vegetable  alkali  from  it : for  the  vegetable  alkali 
does  not  make  a firm  foap ; and,  as  much  of  it  as 
may  be  in  the  mixture,  decompofes  a portion  of 
the  common  fait  by  ftronger  affinity  to  its  acid. 
The  alkali  of  the  decompofed  common  fait,  namely, 
the  mineral,  unites  therefore  with  that  portion  of 
the  oil  which  would  otherwife  have  remained  in 
combination  with  the  vegetable  alkali. 

The  clean fing  property  of  foap  is  well  known, 
and  is  to  be  attributed  to  its  alkali,  which  will  ren- 
der a fmall  portion  of  oily  matter,  beyond  what  it  is 
already  united  to,  diffufible  in  water.  Soap  is  eafily 
prevented  from  mixing  with  water  by  any  fait, 
except  alkalis,  and  is  therefore  no  contemptible 
reft  of  the  purity  of  natural  waters  (149,  o.) 
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Sal  ammoniac,  or  falited  volatile  alkali,  formerly  y 
Imported  from  Egypt,  is  now  made  in  large  quan- 
tities in  Britain.  The  volatile  alkali  is  obtained  in 
an  impure  liquid  ftate  by  diftillation  from  foot  or 
bones,  or  any  .other  fubftance  that  affords  it.  To 
this  the  vitriolic  acid  is  added.  The  vitriolic  am- 
moniac (174,  l)  thus  produced,  is  then  decompofed 
by  common  fait,  by  double  affinity  j the  vitriolic 
acid  combining  with  the  mineral  alkali,  and  the 
marine  acid  with  the  volatile  alkali.  The  liquor 
therefore  contains  Glauber’s  fait,  and  fal  ammoniac, 
which  are  feparated  by  cryftallization,  and  the  fal 
ammoniac  is  fubllmed  into  cakes  for  fale.  The  . 
cheapnefs  of  vitriolic  acid  and  of  common  fait  is 
the  caufe  why  they  are  made  ufe  of  inflead  of  the 
marine  acid. 

The  volatile  alkali  cannot  be  had  abfolutely  z 
difengaged  from  every  other  fubftance,  except  in 
the  form  of  air.  By  diftillation  of  fal  ammo- . 
niac  with  lime,  a folution  of  pure  volatile  alkali  in 
v/ater  comes  over  (144,  d)  which  cannot  be  rent 
dered  dry  for  want  of  fufficient  fixity  in  the  fait. 

If  chalk  be  ufed  inftead  of  lime,  the  volatile  alkali  a 
receives  more  than  its  own  weight  of  fixed  air,  and 
comes  over  in  a concrete  ftate  much  lefs  pungent 
than  in  the  other  procefs,  though  not  fufficiently 
neutralized  to  prevent  its  exhibiting  its  alkaline 
properties  very  ftrongly  (160,  w.) 

Impure  volatile  alkali  is  purified  by  forming  » 
fal  ammoniac  with  the  marine  acid.  Sal  ammo- 
niac becomes  very  pure  by  a few  fublimations,  and 
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• the  volatile  alkali  being  recovered  again  by  the 
procefs  already  delcribed,  is  found  to  be  one  and 
the  fame  fait,  whatever  may  have  been  the  iubjed 
that  originally  afforded  it. 

c In  the  diflillation  of  the  cauftlc  volatile  alkali, 
(.J44,  d)  an  aeriform  fluid  is  extricated,  which 
confifts  of  the  alkali,  either  pure  or  elfe  combined 
with  too  fmall  a quantity  of  water  (145,  o)  to 
admit  of  condenfation  into  the  fluid  ftate.  It  may 
be  confined  by  quickfilver.  With  water  it  forms 
the  cauflic  volatile  alkali,  from  which  heat  again 
expels  it : with  fixed  air  it  forms  the  concrete  vola- 
tile alkali  j and  with  marine  acid  air  (190,  o)  it 
forms  common  fal  ammoniac.  When  the  ftrong 
cauflic  volatile  alkali  is  diftilled,  it  is  therefore  necef- 
fary  to  annex  the  pneumatic  apparatus  with  water  to 
receive  the  alkaline  air  (190,  q^.) 

D The  eledlric  fpark  paffed  through  alkaline  air 
produces  inflammable  air  three  times  the  bulk  of 
the  alkaline  air.  . , 

E . The  properties  of  volatile  and  fixed  alkalis  re- 
femble  each  other,  but  the  eledlive  attraflion  of  the 
, latter  is  moft  prevalent.  The  volatile  alkali  has 
more  acfliion  on  metals  and  metallic  calces  than  the. 
fixed.  In  the  dry  way  it  cannot  be  exhibited. 
Cauflic  volatile  alkali  combines  with  oils,  though 
difficultly.  The  faponaceous  liquid^  called  eau  d« 
luce,  is  a preparation  of  this  fort. 
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CHAP.  XVI. 

OF  MINES  AND  METALS  IN  GENERAL. 

TH  E internal  parts  of  the  earth,  as  far  as  the  r 
excavations  made  by  natural  caufes,  or  by 
the  induftry  of  men,  have  given  fcope  for  obferva- 
tion,  exhibit  ftriking  marks  of  the  immenfe  changes 
that  have  been  produced  by  the  chemical  aflion  of 
bodies  on  each  other,  during  a courfe  of  ages  far 
preceding  all  human  record.  It  feems  probable,  o 
that  the  loftieft  mountains,  which  run  in  chains 
through  the  great  continents,  and  are  compofed 
chiefly  of  granite,  were  formed  previous  to  the 
cxiftence  of  animals  or  vegetables  on  the  earth. 
The  fame  remark  applies  likewife  to  mountains  n 
of  limeftone,  or  marble  of  a granular  texture,  and  is 
founded  on  the  conflderation,  that  the  remains  of 
thofe  organized  fubftances  are  never  found  in  them. 
Other  mountains,  for  the  contrary  reafon,  are  evi-  r 
dently  of  pofterior  formation.  Such,  as  have  their 
materials  arranged  in  ffrata  or  beds,  feem  to  have 
been  formed  by  fubfidence  and  cryftallization  in 
water.  The  planes  thus  formed  appear,  from  a 
-variety  of  figns,  to  have  been  disjoined,  broken^ 
and  thrown  up  into  heaps  by  earthquakes,  or  fimi- 
lar  ccnvuflons  of  nature.  Volcanos,  or  the  erup-  K 
tion  of  fubterraneous  fires,  have  alfo  contributed 
greatly  to  change  the  internal  conftrudtion  and 
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L external  appearance  of  the  globe  we  inhabit.  There- 
is  no  country  or  climate  where  veftiges  of  thefc 
awful  phenomena  are  not  plentifully  to  be  met 
with.  Volcanic  hills  are  often  pyramidical,  with  a 
plain,  or  hollow  cavity  at  top,  and  have  one  or 
more  ridges  proceeding  from  thence  as  a center. 
Strata  of  lava,  and  other  volcanic  produfts,  abound  , 
in  the  vicinity,  moftly  beneath  the  furface,  and 
arc  regularly  difpofed  fo  as  to  point  out  the  fource 
M from  which  they  formerly  iffued.  Metallic  bodies 
are  moftly  found  in  the  ftratified  mountains.  The  ■ 
beds  of  thefe  mountains  being  thrown  up  into  an  1 
inclined  pofition,  appear  to  have  been  worn  down 
by  the  long^condnued  adlion  of  the  atmofpheric 
changes ; fo  that  ftrata,  which  in  lower  grounds 
are  too  deep  for  the  miners  to  arrive  at,  are  here 
rendered  acceflible. 

N Such  metallic  combinations  as  are  found  in  i 
nature  are  called  ores.  The  metal  is  faid  to  be 
mineralized  by  the  fubftance  that  is  combined  with 
it.  It  muft,  however,  be  obferved,  as  an  excep- 
tion, that  native  metallic  falts  are  not  called  ores, 
o The  chief  mineralizers  are  fulphur,  arfenic,  or  its 
acid,  and  fixed  air.  Metals  are  alfo  found  native 
or  uncombined ; but  fparingly. 
p There  a~e  entire  mountains  which  confift  of 
iron  ore : other  ores  form  but  an  inconftderable 
part  of  the  mountain  in  which  they  are  found. 
Some  ores  run  parallel  to  the  ftony  ftrata,  though 
very  far  from  having  that  regularity  of  thicknefs 
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dioie  llrata  poffefs ; others  crofs  ths  ftrata  in  all 
diredions.  The  laft  are  called  veins. 

The  Hones  wherein  the  ore  is  imbedded  are  cal-  q. 
led  its  matrix.  Thefe  are  not  peculiarly  appro- 
priated to  any  metal,  but  fome  Hones  more  fre- 
quently accompany  metals  than  others. 

The  art  of  extracting  metals  from  ores  in  the  r 
fmall  way  is  called  aflaying  or  cflaying.  The  term 
is  alfo  applied  to  the  feparation  of  gold  or  filver 
from  other  metals,  and  procuring  them  alone. 
Ores  may  be  aflayed  either  by  the  dry  or  humid 
method.  In  the  dry  way  the  procefs  is  conducted 
nearly  in  the  fame  method  as  when  the  metals  are 
extracted  in  the  large  furnaces,  and,  generally 
fpeaking,  difeovers  little  more  than  the  quantity  of 
the  metal  contained  in  the  ore.  In  the  molH  way, 
by  Ikilful  management,  the  quality  and  quantity 
of  all  the  ingredients  become  Icnown. 

The  procefs  by  fire  for  obtaining  metals  from  s 
their  ores  in  large  qualities  for  commercial  pur- 
pofes,  is  called  fmelting. 

The  operations  for  feparating  metals  from  ores  t 
are  trituration,  and  wafliing  in  a Hream  of  water,  by 
which  the  lighter  parts  are  carried  off,  while  the 
heavier  fubfide.  This  is  of  fervice  when  the  me- 
talliferous parts  are  confiderably  heavier  than  the 
reH.  RoaHing,  by  which  fulphur,  water,  arfenic, 
vitriolic  acid,  or  other  volatile  and  ufelefs  fubHancei 
are  diffipated.  Fufion  or  fmelting  with  fuch  a 
mixture  of  earths,  or  other  matters  as  may  facili- 
tate the  fame,  by  which  the  fuperfiuous  part  of 
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the  ore  is  fcorified>  or  mdted  into  a flag  or  glafs, 
fufEciently  thin  to  allow  the  metalline  particles  to 
ftibfide  to  the  bottom  of  the  furnace  in  a reguline 
u ftate.  In  aflays,  phlogiftic  matters  are  ufed  for 
fluxing  the  mafs,  that  the  metal  may  obtain  the 
neceflfary  quantity  of  phlogiftonj  but  in  large 
works  the  fuel  generally  anfwers  that  purpofe. 

V It  is  obvious,  that  the  trituration,  waffling  and 
roafting,  are  not  in  all  cafes  required;  that  in 
fome  cafes  the  roafling  mufl;  precede  the  tritura- 
tion ; and  that  the  additions  in  the  fmelting 
require  an  attention  to  the  fuppofed  or  known 
w contents  of  the  ore  required  to  be  fufed.  The  pre- 
vious examination  of  ores  by  the  blow-pipe, 
(134.  g)  and  more  efpecially  the  humid  analyfis, 
are  of  great  fervice,  by  indicating  the  proper 
additions  to  be  made  in  fmelting. 

X in  the  humid  way  the  ore  is  finely  powdered^ 
and  diflTolved  in  fuch  a menftruum  as  is  adapted  to 
take  up  either  the  whole  or  fome  of  the  parts  con- 
jeftured,  or  by  blow-pipe  experiments  known,  to 
enter  into  its  compofltion.  The  undiflblved  refi- 
due,  if  any,  is  fubjeded  to  trials  by  other  men- 
ftruums.  The  parts  in  folution  may  be  feparated 
by  the  addition  of  precipitating  matters,  or  by  eva- 
poradng  the  folvent  to  drynefs.  The  properties  and 
weight  of  the  precipitates  indicate  both  the  quality 
and  quantity  of  each  fubftance  contained  in  the  ore. 
This  method  of  afliiying,  though  incomparably 
more  exaft  than  the  other,  is  not  yet  much  prac- 
tifed,  bscaufe  the  operations  are  flower,  and  require 
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an  extenfive  application  of  the  principles  of  the 
moft  enlightened-  cheiniftry 

Metallic  fubftances-  in  their  reguline  ftate  have  y 
a peculiar  brilliancy  and  opacity  (170,  z.)  Pro- 
perties, undoubtedly,  owing  to  their  great  denfity, 
and  the  phlogifton  they  contain.  For  the  refraftive 
power  which  bodies  exert  on  light  is  found  to  be 
nearly  as  their  denfities  (i.  262,  a)  excepting  inflam- 
mable fubftances,  and  inthefe  it  is  in  a higher  pro- 
portion. And,  becaufe  the  refradion  and  reflec- 
tion of  light  arife  from  the  fame  caufe  (i.  308,  e) 
Tuch  bodies  as  refraft  moft  will  alfo  refleft  the  light 
moft  ftrongly.  Opacity  is  a confequence  of  the 
reflexion  of  light.  White  metals  are  very  opake. 
Gold-leaf,  which  is  about  f the  {-rro^  part  of  an 
inch  thick,  tranfmits  light  of  a beautiful  green ; 
but  filver-leaf,  which  is  about  the  -f^ooo  of  an 
inch  thick,  is  opake.  Other  metals  have  not  been 
fo  much  extended,  and  whether  any  of  them  are 
fufceptible  of  it  is  not  known. 

Melted  metals,  like  all  other  fluids,  aftume  a z 
fymmetrical  form  in  cooling  (15  2,  x.)  The  cryi- 
tals  are  larger  the  flower  the  tranfition  from  the 
fluid  to  the  folid  ftate  j and  the  fpecific  gravities  ©f 

* See  Bergman’s  Opufcula,  and  Kirwan’s  Mineralogy. 

This  is  the  thicknefs  deduced  from  the  weight  and  furface 
of  a book  of  gold,  when  the  metal  is  fo  fine  as  to  have  but 
three  grains  of  alloy  in  the  ounce,  and  the  workman  extra- 
ordinarily Ikilful.  Finer  gold  cannot  be  wrought  in  this 
way. 
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feme,  and,  perhaps,  all  metals,  are  greatly  afTeifled  in 
the  fame  fpecimen  (17,  w)  from  this  circumftance. 
Several  metals  have  their  cryftals  feparated  by  agi- 
tation or  pounding,  juft  at  the  time  of  congelation ; 
they  have  then  a powdery  or  granular  form,  Thefe, 
if  ftruck  with  a hammer  immediately  after  conge- 
lation, are  broken,  and  exhibit  the  regular  arrange- 
ment of  their  internal  parts.  Lead  affords  a remark- 
able inftance  of  this. 

A Moft  metals  will  uniformly  mix  in  all  propor- 
tions with  each  other,  and  may  be  afterwards 
feparated  by  proceffes  founded  on  the  confideration 
of  their  various  fullbility,  folubility,  or  difpofition 
to  be  calcined. 

B fpecific  gravities  of  thefe  metallic  compounds 

is  fcarcely  ever  fuch  as  would  be  mathematically 
deduced  from  their  fpecific  gravities  of  the  metals 
made  ufe  of,  on  the  fuppofition  of  their  juneftion 
by  fimple  contad. 

c The  fufibility  of  thefe  compounds  is  likewife 
fuch  in  feveral  inftances  as  would  not  be  expeded 
from  the  fufibility  of  the  ingredients.  In  particu- 
lar, a mixture  of  eight  parts  bifmuth,  five  lead,  and 
three  tin,  will  melt  even  in  a heat  lower  than  is 
fiifficient  to  caufe  water  to  boil. 

D The  portion  of  bafer  or  lefs  valuable  metal  that 
is  mixed  with  gold  or  filver,  is  called  alloy. 

E The  imperfed  metals  are  calcined  by  heat  with 
acceJs  of  air : during  this  procefs  they  give  out  a 
portion  of  their  phlogifton,  while  the  calx  receives 
air]  moft  commonly  aerial  acid.  The  calces  of 
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mojybdena,  arfenic,  and  wolfram,  when  fufficiently 
dephlogifticated,  become  acid.  Whence  it  is 
conje<5tured,  that  all  metallic  calces  are  of  an  acid 
•nature.  ^ 

Metallic  calces  are  revived  by  the  addition  of  t 
phlogifton  (152,  w.  167,  0^.)  The  black  flux  is 
very  ferviceable  for  this  purpofe ; for,  at  the  fame 
time  that  its  phlogifton  ferves  to  revive  the  regulus, 
and  its  thin  fufion  favours  its  fubfidence,  the  alkali 
promotes  the  work,  by  combining  with  the  fixed 
air  of  the  calx. 

A calx  is  heavier  abfolutely,  but  not  fpecifically,  c 
than  the  regulus  it  was  produced  from. 

The  calces  of  metais  are  not  only  capable  of  h 
revivification,  but  fome  of  them  receive  fo  large  a 
proportion  of  phlogifton  by  the  vapour  of  fpirit  of 
wine  being  paffed  over  them  when  melted,  as  aflu- 
ally  to  become  converted  into  a fpecies  of  char- 
coal. Copper  in  particular  is  converted  into ‘ a 
charcoal  of  more  than  twenty-fix  times  its  former 
weight,  which  may  be  burned  in  dephlogifticated, 
but  not  in  common  air  *. 

Metals  are  foluble  in  acids,  but  not  in  their  i 
reguline  ftate.  Such  acids  as  cannot  dephlogifticate 
a metal  expofed  to  their  adlion  do  not  diflTolve  k, 
though  they  will  take  up  the  calx.  During  the 
folution  of  metals  phlogifton  efcapes  in  the  form  of 
Ibme  kind  of  air  that  contains  it.  Calces  too  far 
dephlogifticated  are  not  foluble. 

When  a metal  is  dilTolved  nearly  to  faturation  k 
in  an  acid,  it  will  be  precipitated  in  its  reguline  ' 

' f P/icftley,  VI.  207 — 2U. 
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form  by  the  addition  of  another  metal,  provided  the 
attraftion  of  the  diffolved  calx  for  the  phlogifton 
of  the  metal  laft  added,  together  with,  the  attrac- 
tion of  the  acid  for  the  calx  of  the  la|^ter,  he  more 
powerful  than  the  attraidions  they  are  oppofed  to 
(144,  D.)  The  order  of  the  precipitations  of 
metals  by  each  other  is;  the  lame  in  all  acids  j a 
circumftance  which  Ihews  that  the  affinities  'of 
the  calces  for  phlogifton  is  moi'e  concerned  in, 
the  effe6t  than  thofe  of  the  acids  for  the  calces. 

L The  order  is,  zink,  iron,  manganefe,  cobalt, 
nickel,  lead,  tin,  copper,  bilfnutli,  antimony,  arfe- 
nic,  mercury,  filver,  gold,  platina  j where  any 
preceding  in  the  lift  will  precipitate  any,  or  all 
thofe  which  follow,  but  none  of  th'ofe  that  come 
before.  ' . r 

M Sulphur  diflblves  many  metaJs,  and  the  alkaline 
liver  of  fulphur  diflblves  them  all  except  zink. 
For  this  reafon,  great  care  ought!  to  be  taken  to 
roaft  fulphureous  ores  well,  previous  to  aflaying 
them  with  alkaline  fluxes,  as  the  fulphur,  together 
with  the  alkali,  forms  this  menflruum,  and  much 
of  the  regulus  is-  retained. 

N The  imperfedl:  metals  are  calcined,  by  defiagra-' 
tion  with  nitre,  and  alkalife  that  fait  in  the  fame' 
manner  as  any  other  phlogiftic  fubftance.  Some 
of  thefe,.when  fufficiently  heated,  burn.  Or  are  de- 
compoftd  with  flame,  and  moft  of  them  are  rapidly 
burned  by  heating  in  dephlogifticated  air. 
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H E perfect  metalsj  gold,  platina,  and  filver,  o 


A cannot  be  calcined  in  any  I’enfible  degree  by 
mere  heat,  or  deflagrated  with  nitre.  When  cal- 
cined by  other  methods,  they  may  be  reduced  by 
heating,  without  the  addition  of  any  other  phlo- 
gifton  than  is  fuppofed  to  pervade  the  veflels. 

Gold  is  a yellow  metal  of  much  greater  Ipecific  P 
gravity  than  any  other,  except  platina  (17,  w); 
direftly  foluble  in  aqua  regia  (192,  v),  and  the 
dephlogifticated  marine  acid,  and'precipitable  from 
thefe  in  its  metallic  form,  by  the  folution  of  vitriol 
of  iron.  Vitriolic  acid,  diftilled  from  manganefe, 
alfo  diflfolves  it.  It  has  all  the  metallic  characters 
(170,  2)  in  the  moft  perfect  degree.  When  in 
fufion,  it  has  a fea-green  colour. 

Gold  is  moftly,  if  not  always,  found  in  its  me- 
tallic  {late.  Some  fands  afford  gold  by  Ample 
wafhing,;’  the  heavy  metallic  particles  fubfiding 
foonefl.  But  when  embodied  in  earths,  or  flones, 
thefe  are  pulverized  and  boiled  with  one  tenth  of 
their  weight  of  mercury,  together  with  water.  The 
mercury,  after  a certain  time,  abforbs  the  gold, 
and  may  be  feparated  by  difliliation.  Or  other- 
wife  by  heating  the  fand  red-hot,  and  quenching 
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in  water  feveral  times,  for  the  purpofe  of  cracking 
and  dividing  it,  and  then  melting  the  whole  into 
glafs  with  twice  its  weight  of  the  calx  of  lead, 
called  litharge.  Charcoal  being  added,  revives 
the  litharge  into  lead,  which  fnbfides  to  the  bottom, 
carrying  the  gold  with  it.  If  the  lead,  thus  fepa- 
rated  from  the  fand,  be  again  converted  into  li- 
tharge by  calcination,  the  gold  will  remain  fe- 
parate  at  the  bottom  of  the  teft  (130,  x). 

This  laft  operation,  called  telling,  or  cupella- 
tion  when  performed  in  the  fmall  way,  is  one  of 
the  bell  methods  of  feparating  the  imperfe<5l  from 
the  perfe<5l  metals.  The  mafs  of  metals  to  be 
cupelled  is  put,  together  with  lead,  into  a fmall 
Ikallow  crucible  of  burned  bones,  called  a cupel, 
and  fufed  with  a confiderable  heat,  with  accefs  of 
air.  The  lead  continually  vitrifies,  and  carries 
all  the  imperfe(5l  metals  with  it.  No  litharge  is 
produced  in  the  fmall  way,  becaufe  the  glafs  of  lead 
is  imbibed  by  the  porous  cupel.  During  the  cupel- 
lation,  the  fcorias,  running  down  on  all  Tides  from 
the  metallic  mafs,  produce  an  appearance  called 
circulation,  by  which  the  operator  judges  that  the 
procefs  is  going  on  well.  When  the  metal  is  near- 
ly pure,  certain  rainbow  colours  flafh  acrols  tlie 
furface,  which  foon  after  appears  very  brilliant  and 
clean.  This  is  called  the  brightening,  and  fliews 
that  the  cupellation  is  ended. 

If  the  cupelled  mafs  contain  more  gold  than 
filver,  the  gold  may  be  diffolved  by  aqua  regia, 
and  the  filver  will  remain  in  a powdery  form.  If 

the 
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the  filver  prevail,  pure  nitrous  acid  will  diflblve 
it,  and  leave  the  gold.  It  is  found  moft  advan- 
tageous to  add  pure  filver,  if  required,  to  make 
the  proportion  of  this  metal  to  the  gold  as  three 
to  one.  For  in  this  cafe  the  quantity  of  filver 
is  not  fo  fmall  as  to  be  protiefted  by  the  gold 
from  the  adlion  of  the  menftruum,  nor  the  gold 
fo  fmall  as  to  fall  into  powder,  when  defected  by 
the  filver.  Thefe  procelfes  are  called  parting. 

If  platina  be  fuppofed  to  be  mixed  with  the  t 
gold,  both  may  be  dilTolved  in  aqua  regia,  and  the 
gold  will  be  precipitated  alone  on  the  addition  of 
martial  vitriol.  No  other  metal  is  precipitable 
from  its  folvent  by  martial  vitriol  but  gold.  The 
iron  of  the  vitriol  thus  ufed  becomes  more  dephlo- 
gifticated  than  before. 

The  precipitate  of  gold  from  its  folvent  by  a w 
volatile  alkali,  or  by  a fixed  alkali,  if  the  volatile 
alkali  be  prefent  in  the  menftruum  (192,  v),  has 
a wonderful  power  of  detonating,  with  a moderate 
heat,  the  gold  being  thus  revived.  The  force  of 
this  explofion  is  not  fo  great  as  that  of  gunpov/der, 
if  a judgment  may  be  formed  by  burning  it  in  a 
clofed  metallic  veflel but  is  much  greater,  if  at- 
tention be  paid  to  the  prodigious  nolle  it  makes, 
and  the  laceration  of  the  metallic  plate  it  is  burned 
upon.  Thefe  contrary  conclufions  may  be  recon- 
ciled, either,  by  fuppofing  the  force  of  aurum  ful- 
minans  lefs  than  that  of  gunpowder,  but  that  its 
velocity  of  expanfion  is  greater  at  the  beginning  j 
or  otherwife,  by  fuppofing  its  force  to  be  greater, 

but 
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but  that,  when  inclofed  and  in  contadt  with  red- 
hot  metal,  the  powder  is  decompofed  in  another 
way  without  explofion.  Experiment  muft,  how- 
ever, determine.  The  moft  probable  theory  of  this 
fad  is,  that  the  calx  of  gold,  in  a certain  heat, 
feizes  the  phlogifton  (187,  x)  of  the  volatile  al- 
kali it  is  combined  with,  while  the  other  part  of 
the  alkali  inftantly  affumes  an  aerial  foim, 

V Tin,  either  difiblved  in  aqua  regia,  or  in  fub- 
ftance,  added  to  a folution  of  gold,  precipitates  the 
gold  in  the  form  of  a beautiful  purple  powder, 
called  the  purple  powder  of  CalTius,  which  is  of 
life  in  enamels,  as  it  gives  a fine  tinge  to  glafs. 
The  preparation  of  this  powder,  and  the  produc- 
tion of  a clear  ruby  coloured  glafs,  require  pecu- 
liar management. 

w Light  diftilled  oils,  and  more  particularly  ether, 
take  gold  from  its  folvent,  but  no  other  metal.  If 
the  ether  be  left  to  evaporate,  by  imperfedly 
clofing  the  phial,  the  gold  falls  in  its  metallic 
form,  no  longer  foluble  by  the  acid  beneath.  Ar- 
dent fpirit,  wine,  or  vinegar,  mingle  uniformly 
with  folutions  of  gold,  and  feparate  it  alone, 
Thefe  methods  purify  gold  fiom  all  admixtures. 

X Liver  of  fulphur  combines  with  gold  in  the  dry 
way  into  a mafs,  diffblvable  in  water, 

Y The  imaginary  value  of  gold  probably  originated 
in  its  property  of  bearing  the  action  of  the  air,  and 
all  other  liquids  commonly  met  with,  without 
tarnilhing  or  rufting  i to  which  value,  no  doubt,  its 

great 
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great  and  alnioft  inimitable  fpecific  gravity  has 
contributed. 

The  gold  coins  of  Britain  confift:  of  eleven  parts 
gold  to  one-  of  copper.  The  alloy  is  required  to 
give  the  neceffary  hardnefs. 

Platina  has  been  found  hitherto  only  in  the  gold-  2 
mines  in  Peru.  It  comes  over  in  the  form  of 

« 4 

grains,  intermixed  with  ferruginous  fand  and 
quartz.  The  grains  that  remain,  after  the  moft 
magnetical  and  earthy  particles  have  been  fepa- 
rated,  are  of  a whiter  colour  than  iron.  Thefe 
contain  one  third  of  their^  weight  of  iron,  and 
have  a fpecific  gravity  of  16  or  18.  To  purify  a 
it,  it  muft  be  repeatedly  boiled  in  marine  acid, 
till  no  more  iron  is  feparated,  then  wafhed,  and 
difiblved  in  aqua  regia  j to  this  the  Pruflian  alkali 
is  to  be  added  till  it  ceafes  to  precipitate  any  iron; 
the  clear  folution  being  decanted  off,  the  addition 
of  pure  fal  ammoniac  will  throw  down  the  platina, 
which  may  be  fufed  in  the  moft:  violent  heat  of  a 
furnace.  No  other  metal,  is  precipitable  by  fal 
ammoniac. 

Platina  thus  purified,  is  by  much  the  heavieft  b 
body  in  nature  (17,  w).  It  is  very  malleable, 
dtough  confiderably  harder  than  either  gold  or 
filver.  Its  colour  is  not  diftrnguifhable  from  filver 
on  the  touchftone.  When  in  the  liigheft  degree 
of  purity,  it  is  not  magnetical ; but  when  its  fpe- 
cific gravity  is  as  low  as  21.36,  it  ftill  contains 
iron  fufficient  to  render  t fufceptible  of  the  mag- 
netic 
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netic  touch,  and 'obedient  to  a ftrong  magnet 
It  is  foliible  only  in  aqua  regia,  or  the  dephlo- 
giftiCated  marine  acid,  and  is  not  a£ted  on  by 
lulphur.  Mercury  does  not  diflblve  it.  It  with- 
Hands  cupellation. 

c Platina  unites  with  moft  of  the  other  metals,  fo 
as  to  compofe  a uniform  compound. 

D Silver  is  the  whiteft  of  all  metals,  foluble  in 
moderately  dilute  nitrous  acid,  and  in  the  vitriolic 
acid  by  the  aflTiftance  of  heat,  but  not  diredly  in 
the  marine  acid,  nor  aqua  regia.  It  is  precipitable 
from  either  of  the  firft  mentioned  acids  by  the  * 
addition  of  marine  acid,  which  combines  with  its 
calx,  and  forms  the  infoluble  compound  called 
iuna  cornea.  Its  malleability,  compared  with 
tliat  of  gold  (231,  y),  is  nearly  in  proportion  to 
its  fpecific  gravity. 

E Native  filver  is  found  in  a great  variety  of 
forms,  and  imbedded  in  various  earths.  Some  of 
the  maffes  have  been  found  of  the  weight  of  fixty 
pounds.  The  greateft  quantity  of  this  metal  comes 
from  Peru. 

F The  ores  of  fiiver  are  very  numerous.  Sulphur, 
arfenic,  marine  acid,  coal,  iron,  copper,  anti^ 
mony,  are  the  fubftances  that  feverally  or  col- 
le6lively,  in  greater  or  lefs  proportions,  enter  into 
their  compofition. 

G The  folution  of  filver,  in  the  nitrous  acid,  af- 
fords nitrated  filver,  or  lunar  nitre^  in  fmall  crylfals. 


* See  the  feftxon  on  magnetifm. 
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This  fait  detonates  when  heated  with  phlogiftic 
jnatters,  but  fufes  in  a moderate  heat,  without  ad- 
dition, into  a dark  coloured  mafs,  ufed  by  fur- 
geofis  as  a cauftic,  under  the  name  of  lapis  in- 
fernalis. 

Marine  acid,  or  pure  common  fait,  being  added  h 
to  a folution  of  filver,  the  filver  falls  down  in  com- 
bination with  more  than  its  weight  of  the  marine 
acid.  This  compound  melts  in  the  fire,  at  a 
low  red  heat,  and  if  call  into  thin  plates,  is  femi- 
tranfparent,  and  fomewhat  flexible  like  horn ; 
whence  its  name  luna  cornea.  If  carefully  pre- 
pared, it  proves  clear,  and  is  fiippofed  to  have 
given  rife  to  the  notion  of  malleable  glafs.  ^ 
greater  heat  does  not  expel  the  acid,  but  the  whole 
concrete  either  rifes  in  fumes,  or  pafies  through 
the  pores  of  the  velTel.  As  the  marine  acid  throws 
down  only  filver,  lead,  and  mercury,  and  the 
latter  two  of  tliefe  are  not  prefent  in  filver  that  has 
paired  the  cupel  (236,  r)  though  a fmall  quan- 
tity of  copper. may  elude  the  fcorification  in  that 
procefs,  the  filver  which  may  be  revived  from 
luna  cornea  is  purer  than  can  be  eafily  obtained 
by  any  other  procefs.  It  is  reducible  by  tritura-  r 
tion  with  its  own  weight  of  fixed  alkali  and  a 
little  water,  and  afterwards  melting  the  whole  in 
a crucible,  whofe  bottom  is  covered  with  mineral 
alkali,  well  prefled,  the  mafs  of  luna  cornea  being 
allb  covered  with  the  mineral  alkali.  This  ma- 
nagement is  required  in  order  that  the  reduc- 
tion may  take  place  before  the  volatilization  comes 
Vpl.  II,  R on, 
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on,  which,  in  the  ufual  method  of  reduftion, 
would  caufe  a confiderable  part  of  the  filver  to 
be  loft. 

K The  property  of  forming  a luna  cornea,  or 
fcarcely  foluble  compound,  with  marine  acid,  af- 
fords a good  teft  for  detecling  the  prefence  of 
fmail  quantities  of  that  acid,  or  unmetallic  fait 
containing  it,  in  waters.  For  by  dropping  the  fo- 
lution  of  filver  in  nitrous  acid  into  I’uch  waters, 
a cloud,  of  a curd-like  appearance,  will  be  im- 
mediately formed  by  the  combination  of  the  calx 

L of  filver  with  the  marine  acid,  if  prefent.  This 
property  alfo  affords  a method  of  purifying  the 
nitrous  acid  (184,  o). 

M Silver  is  not  corroded  by  the  adlion  of  the 
atmofphere  j but  is  very  apt  to  tarnifh  and  grow 
black  by  expofure  to  phlogiftic  vapors. 

N Sulphur,  and  alfo  the  liver  of  fulphur,  diffblve 
filver  in  the  dry  way. 

o Pore  volatile  alkali  diffblves  the  calx  of  filver, 
and  the  folution  will  afford  cryftals. 

p Pure  filver,  like  pure  gold,  is  too  foft  to  be 
ufed  for  ordinary  purpofes  without  alloy.  In  the 
Britifh  coinage  fifteen  parts  of  filver  are  alloyed 
with  one  of  copper. 
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Chap,  xviii. 

Op  the  imperfect  Metals  j mercurv,  lead, 

COPPER,  IRON,  AND  TIN. 

Mercury  or  quickfilver  is  a metal  of*  d, 
a bluifli  white  colour,  not  fufceptible  of 
ruft,  or  tarnifh,  by  expofure  to  the  air.  Its  fufi- 
bility  is  fo  great,  that  it  becomes  fluid  long  be- 
fore ice  melts;  and  its  volatility  is  fuch,  that 
it  is  driven  off  by  a6tual  ebullition,  at  a tempera- 
ture (127,  r)  which  the  greater  part  of  the  other 
metals  fuftain  without  melting.  In  its  folid  flate 
it  is  malleable.  Its  fpecific  gravity  (17,  w)  is 
greater  than  any  of  the  other  metals,  platina, 
gold,  and  wolfram  excepted.  By  a heat,  nearly 
fufficient  to  caufe  it  to  rife  quickly  in  the  vaporous 
form,  it  is  calcined,  provided  the  accefs  of  at- 
mofpherical  or  pure  air  be  allowed.  This  calx,  r 
improperly  called  precipitate  per  fe,  is  of  a red 
color,  and  refumes  its  metallic  form  by  mere  in- 
creafe  of  heat,  at  the  fame  time  that  it  gives  out 
pure  or  dephlogifticated  air. 

Native  mercury  is  frequently  found,  but  per->  s 
haps  never ‘free  from  metallic  alloy.  It  is  alfo 
found  mineralized,  in  the  form  of  precipitate 
per  f«,  or  combined  with  the  vitriolic  or  marine 
acids,  or  with  fulphur.  This  laft  is  called  cinna-  t 
bar.  It  is  of  various  Colours,  from  a yellowifh  to 
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a deep  red,  and  155  very  ponderous.  In  clofe 
veflels  it  fublimes  without  any  other  alteration 
than  being  deprived  of  its  impurities;  in  open 
w veflels,  with  fufhcient  heat,  it  is  decompofed.  The 
rnercury  is  obtained  from  it  by  diftillation,  with 
the  addition  of  fome  fubftance  tliat  will  combine 
with,  and  detain  the  fulphur  j for  which  purpofe 
iron,  in  fmall  pieces,  is  commonly  made  ufeof.  But  if 
calcareous  earth  be  mixed  with  or  abound  in  the  ore, 
V no  other  addition  is  requifite.  The  paint  called 
Vermillion,  is  an  artificial  cinnabar,  produced  by 
combining  mercury  with  fulphur  by  trituration 
and  fublimation.  One  hundred  parts  of  cinnabar 
contain  eighty  of  mercury,  and  twenty  of  fulphur. 
w Mercury  is  judged  to  be  pure  when  it  is  per- 
fe6tly  fluid,  and  runs  in  neat  globules,  without 
any  pellicle  on  its  furface,  or  without  foiling  a 
funnel  of  clean  white  paper,  through  which  it  may 
he  poured  by  a very  fmall  aperture  at  bottom.  If 
it  leaves  nothing  behind  after  evaporation,  its 
X purity  may  be  fliill  more  depended  on.  For  pur- 
pofes  where  the  utmofl:  purity  is  required,  the 
mercury  may  be  triturated  with  flowers  of  brim- 
fl;one,.till  it  difappears,  by  uniting  with  that  fub- 
ftance in  the  form  of  a black  powder,  called 
ethiops  mineral ; with  this  may  be  mixed  twice 
the  quantity  of  quicklime  or  filings  of  iron,  and 
the  whole  being  fubmitted  to  diftillation,  the  mer- 
y cury  will  rife,  and  pafs  into  the  receiver.  Duft, 
.and  other  fuperficial  impurities,  are  removed  by 
' prefling  mercury  through  a leathern  bag. 
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The  concentrated  vitriolic  acid,  by  boiling,  y 
combines  with  mercury  into  a white  mafs,  which, 
by  the  afFufion  of  a fuiEcient  quantity  of  hot  water, 
becomes  of  a citron  colour.  It  is  fcarcely  at  all 
foluble  in  water,  and  is  known  in  medicine  by 
the  name  of  turbith  mineral. 

Nitrous  acid  diflblves  mercury  very  readily,  and  z 
affords,  by  cryftallization,  a fait  called  mercurial 
nitre.  If  this  fait,  which  is  white,  be  expofed  to 
heat,  it  becomes  yellow,  then  orange  coloured, 
and,  laftly,  red,  in  which  Hate  it  is  found  not  to 
differ  from  precipitate  per  fe(243,  r.  182,  g.) 

Vitriolic  acid,  added  to  a folution  of  mercury  Pf 
in  the  nitrous  acid,  feizes  the  metallic  calx,  and 
falls  to  the  bottom;  forming  the  fame  com- 
bination as  would  have  been  produced  by  the 
direct  folution  of  mercury  in  the  vitriolic  acid 
(245,  y).  The  affufion  of  warm  water  converts 
it  into  turbith  mineral. 

The  common  marine  acid  does  not  dilfolve  b 
mercury,  though  it  readily  unites  with  it  when  fuffi- 
ciently  calcined  by  other  means.  Thus,  wheh 
mercury  is  deprived  of  part  of  its  phlogifton  by 
nitrous  acid,  in  which  it  is  diffolved,  the  marine 
acid  being  added,  immediately  feizeS  the  calx,  and 
forms  a fait  of  difficult  folubility,  which  falls  to ' 
the  bottom.  It  is  obfervable,  in  diffiolving  mer-  c 
cury  in  the  nitrous  acid,  that  the  folution  at  the 
beginning  is  attended  with  the  efcape  of  nitrous 
air  (185,  r),  but  that  the  mercury  continues  to  be 
diffolved  after  the  emiffion  of  air  has  ceafed.  The 
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^ latter  portion  is  therefore  taken  up  in  its  imctallic 
D ftate.  If  the  marine  acid  be  added  to  a foiution 
. of  no  greater  quantity  of  mercury  in  nitrous  acid, 
than  could  be  diifolved  with  effervefcence,  the 
precipitate  will  be  a fait  of  fpai'ing  foliibility  in 
water,  and  highly  corrofive,  known  by  the  name 
E of  corrofive  fublimate.  But  if  the  nitrous  aci9 
be  leaded  with  as  much  mercury  as  it  can  take 
up,  and  marine  acid  be  added,  the  precipitate 
will  be  mild,  and  fcarcely  at  all  foluble  in  water, 
and  is  then  called  mercurius  dulcis,  or  calomel. 

F Corrofive  fublimate  has  always,  till  lately,  been 
made  by  fublimation.  This  is  dIeiSted  by  a va- 
riety of  methods,  all  which  tend  to  combine  the 
marine  acid  with  the  calx  of  mercury.  If  the 
white  faiin<?  mafs,  produced  by  conibining  the 
vitriolic  acid  with  mercury  (245,  y),  be  tritu- 
rated with  an  equal  weight  of  fea-falt,  and  ex- 
pofed  to  heat  in  a cucurbit  (129,  x)  the  vitriolic 
acid  quits  the  calx  of  mercury  to  combine  with 
the  alkali  of  the  fait,  while  the  marine  acid  thus 
difengaged  unites  with  the  mercurial  calx,  an(J 
forms  the  corrofive  fait  required.  This  is  fub- 
limed  by  the  heat,  in  a white  mafs,  cryftallized  in 
the  form  of  needles, 

G Corrofive  fublimate,  triturated  jjf^ith  mercury, 

' abforbs  or  unites  with  a quantity  about  two-thirds 
of  its  own  weight.  Sublimation  renders  the  union 
more  perfeft,  and  affords  the  mercurius  dulcis  of 
the  drops. 


The 


LEAD. 


M7 

The  dephlogifticated  marine  acid  direclly  at-  h 
tacks  mercury,  depriving  it  of  the  requifite  por- 
tion of  phlogifton,  and  uniting  with  its  calx  into 
corroiive  fublimate. 

Mercury  combines  with  alinoft  all  metallic  fub-  i 
fiances,  and  communicates  to  them  more  or  lefs 
of  its  fufibility.  When  thefe  metallic  mixtures 
contain  enough  of  mercury  to  render  them  foft  in 
a mean  temperature,  they  are  called  amalgams. 

Lead  is  a white  metal  of  a confiderably  blue  k 
tinge,  not  fubje6t  to  be  much  corroded  by  ex- 
pofure  to  air  or  water,  though  the  brightnefs  of 
its  furface,  when  cut  or  fcraped,  foon  goes  off. 

It  is  very  foft  and  flexible ; not  very  tenacious, 
arid  confequently  incapable  of  being  drawn  into 
fine  wire.  Under  the  hammer  it  is  eafily  ex- 
tended into  thin  plates,  but  its  properties  have 
not  induced  workmen  to  fubje<St  it  to  the  fame 
trials  as  gold,  filver,  and  copper,  and  there- 
fore its  comparative  malleability  is  not  known. 

Its  Ipecific  gravity  is  confiderable.  On  the  fire 
it  melts  long  before  ignition,  at  about  the  540th 
degree  of  Fahrenheit’s  thermometer,  at  which  pe- 
riod it  begins  to  be  calcined,  if  refpirable  air  be 
prefent.  In  a ftrong  red  heat  it  boils  and  emits 
fumes.  If  melted  lead  be  poured  into  a box, 
previoufly  rubbed  with  chalk,  to  prevent  adhe- 
fion,  and  continually  agitated,  it  will  concrete 
into  feparate  grains,  of  confiderable  ufe  in  a va- 
riety of  mechanical  operations  j or  if  it  be  poured 
into  a mould,  and  turned  out  at  the  inllant  of 
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coolin<y,  a blew  with  a hammer  break  the 
mafs,  and  the  fymmetrical  arrangement  of  the  in- 
ternal  parts  will  be  feen. 

L The  ores  of  lead  are  moft  commonly  found 
among  earths  of  the  calcareous  or  ponderous  kind. 
Calciform  lead-ores  are  either  tranfparent  or  opakc 
fpars,  or  pulverulent>  or  ochreous  maffes  of  a 
reddifli  or  brown  colour.  They  are  reducible  by 
fufion  with  phlogiftic  matters.  Lead  is  alfo  found 
mineralized  by  the  vitriolic  acid,  forming  a white 
ponderous  fait,  foluble  in  water.  Likewife  com- 
bined with  the  phofphoric  acid  of  a greenilh  co- 
lour* Sulphur  is  the  ufual  mineralizer  of  lead. 
Of  thefe  the  galena,  or  potters  lead  ore,  is  the 
moft  common.  It  is  of  a lead  colour,  but  darker, 
and  is  for  the  moft  part  formed  in  cubes  of  a 
moderate  fize,  or  grains  of  a cubical  figure,  with 
the  corners  cut  offj  its  texture  being  granular. 
When  antimony  enters  into  the  compofition,  the 
texture  is  radiated  or  filamentous.  There  are 
alfo  pyritous  and  red  arfenical  leid-ores,  but  the 
latter  is  very  fcarce.  The  fulphureous  lead-ores 
contain  filvcr.  It  is  not  indubitably  eftablifhed 
that  native  lead  has  ever  been  found. 

M By  calcination,  lead  is  converted  into  a dufky 
powder  called  plumbum  uftum  j a longer  con- 
tinued heat,  with  accefs  of  air,  renders  it  white, 
yellow,  and  after  fome  days,  of  a bright  red, 
called  minium,  or  red  lead.  7Te  heat  for  this 
purpofe  muft  not  exceed  a certain  degree.  A 
greater  heat  converts  the  calx,  by  degrees,  into  a 
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yellow  flaky  fcalx^  called  litliarge ; and  by  a mo- 
derately ftrong  fire,  it  runs  into  a yellow  tranfpa- 
rent  glafs,  which  powerfully  difiblves  metallic 
Calces  (236,  r)  ; and  imlefs  combined  with  thefc, 
or  earthy  additions,  corrodes  and  pafTes  through 
common  crucibles.  This  glafs  afls  more  ftrong- 
ly  on  filiceous  than  on  argillaceous  earths,  and  is 
a principal  ingredient  in  fine  white  glals. 

Vitriolic  acid,  by  boiling,  combines  with  lead  n 
into  a faline  mafs.  Nitrous  unites  with  it  into  a 
cryftallizable  fait.  The  vitriolic  acid,  added  to  a 
foil! tion  of  lead  in  the  nitrous  acid,  feizes  the  calx, 
and  falls  to  the  bottom,  forming  the  fame  com- 
pound as  would  have  been  produced  by  direfl  fo- 
lution  of  lead.  The  marine  acid  in  the  fame  man- 
ner Carries  down  the  lead,  and  forms  a combina- 
tion called  plumbum  corneum,  which  is  more 
Ibluble  in  water  than  luha  cornea  (241,  h). 

The  marine  acid  adts  diredlly  on  lead,  by  o 
boiling. 

The  acetous  acid  diflblves  lead  and  its  calces,  p 
White  lead,  or  cerufe,  is  made  by  rolling  leaden 
plates  fpirally  up,  fo  as  to  leave  the  fpace  of  an 
inch  between  each  coil,  and  placing  them  vertically 
in  earthen  pots,  at  the  bottom  of  which  is  fome 
good  vinegar.  The  pots  are  to  be  covered  and 
expofed  for  a length  of  time  to  a gentle  heat  in  a 
fand  bath,  or  by  covering  them  with  dung.  The 
vapour  of  the  vinegar  attaches  itfelf  to  the  furface 
of  the  plates,  and  corrodes  them,  by  that  means 
reducing  them  into  cerufe,  which  comes  off  in 
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flakes  when  the  lead  is  uncoiled.  The  plates  arc  • 
thus  treated  repeatedly,  till  they  are  corroded 
through.  ' , 

The  acid  in  cerufe  is  fuperfaturated.  By  folu- 
tion  of  tliis  compound  in  acetous  acid,  a cryftal- 
lizable  fait,  called  fugar  of  lead,  is  obtained, 
whicli  is  the  fame  as  would  with  lefs  facility  have 
been  procured  by  diflblving  lead  directly  in  that 
acid. 

R Sulphur  readily  combines  witli  lead,  by  the 
affiftancc  of  heat,  and  forms  a compound,  fiinilar 
to  the  fulphureous  lead  ore. 

s Oils  and  fats  have  a ftrong  aftion  on  lead,  and 
its  calces.  Litharge,  or  any  of  the  other  calces 
of  lead  are  copioufly  and  entirely  foluble  in  oils 
by  boiling,  which  are  thereby  rendered  thicker, 
and  more  drying.  Linfeed  oil,  thus  impregnated 
with  litliarge,  is  much  ufed  by  painters,  under 
the  name  of  drying  oil.  Many  of  the  pi  afters  ufed 
in  ftirgery  have  for  tlieir  bafis  oil  thickened  by 
boiling  with  calx  of  lead. 

T Lead  in  its  metallic  ftate  unites  with  moft 
metals.  It  may  be  feparated  from  copper  by 
eliquation,  or  melting  by  a heat  too  low  to  fufe 
the  copper.  It  altogether  reje61:s  iron. 

u Copper  is  a metal  of  a peculiar  reddifh  brown 
colour,  fubjed  to  tarnilh ; it  grows  black  by  long 
expofure  to  the  air ; and  eafily  rufts  by  moifture. 

It  is  of  very  confiderablc  hardnefs,  tenacity,  duc- 
tility, and  malleability  : and  its  elafticity  is  greater 
dian  that  of  any  metal,  except  iron.  From  this 
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laft  property,  maffes  of  this  metal  emit  a loud  and 
lailing  found  when  ftruck,  and  that,  more  efpeci- 
ally,  when  of  a proper  figure  (68,  w).  At  a de-  v* 
gree  of  heat,  far  below  ignition,  the  furface  of  a 
piece  of  polifhed  copper  becomes  covered  with 
various  ranges  of  prifmatic  colours,  the  red  of 
each  order  being  neareft  the  end  which  has  been 
moft  heated ; an  effedt,  which  mufb  doubtlefs  be 
attributed  to  calcination,  the  ftratum  of  calx  be- 
ing thickefl  where  the  heat  has  been  greatell,  and 
gradually  thinner  and  thinner  towards  the  colder 
part(i,  280).  A greater  degree  of  heat  calcines 
this  metal  more  rapidly,  fo  that  it  contrafts  thin 
powdery  fcales  on  its  furface,  which  may  be  eafily 
rubbed  off,  the  flame  of  the  fuel  becoming  at 
the  fame  time  of  a beautiful  green  or  bluifh  co- 
lour. In  a flrong  white  heat,  greater  than  is  necef-  w 
{kry  to  melt  gold  or  filver,  it  melts  and  exhibits  a 
bluifh  green  colour. 

Copper  is  fometimes  found  native.  Its  ores  are  x 
either  calciform,  of  a red,  bine,  or  green  colour,  or 
fulphureous,  with  more  or  lefs  of  iron,  arfenic,  or 
zink.  It  is  alfo  found  mineralized  by  the  vitriolic 
or  marine  acids  (178,  w).  Copper  is  extracted 
from  its  ores  by  repeated  fufions  and  roafting,  by 
which  the  fulphur  is  driven  off,  and  the  bafer 
metals  fcorified.  .Lead  is  an  ufefiil  addition  for 
depriving  it  of  the  laft  portions  of  fulphur.  Silver 
is  extrafted  from  copper  by  eliquation  (25c,  t) 
W'ith  lead,  which  carries  the  filver  down  with  it. 
This  procefs  cannot  however  feparate  gold  from 
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cOppef.  When  the  quantity  of  gold  is  fufpeded 
to  be  too  frnall  to  be  advantageoufly  recovered  by 
teftihg,  (236,  r)  it  may  be  extraded  by  pulveri- 
zing the  fulphiirated  copper,  fulphur  being  added 
if  required,  and  grinding  the  mafs  with  mercury, 
which  amalgamates  with  the  gold  (235,  q^). 
y Vitriolic  acid,  highly  concentrated  and  boiling, 
diffolves  copper,  and  by  evaporation  affords  blue 
cryftals  (178,  v)  of  vitriolated  copper.  By 
cementation  of  copper  with  fulphur,  part  of  the 
mafs  becomes  foluble  in  water,  and  affords  the 
fame  fait. 

z Nitrons  acid  diffolves  copper  with  great  violence, 
and  forms  a deliquefcent  fait.  The  folution  is  green, 
as  are  alfo  the  cryftals;  This  fait  dried  and  placed 
in  a heat  not  much  greater  than  the  hand  can  bear, 
takes  fire. 

A Marine  acid  likewife  diffolves  this  metal,  and 
forms  a deliquefcent  fait,  which  takes  fire  from  a 
Candle,  and  burns  with  a blue  flame. 

B Verdigris  is  made  by  ftratifying  copper  plates 
With  hulks  of  grapes  after  the  juice  has  been  pref- 
fed  but,  the  remaining  acid  forming  this  fubftance 
c by  Corroding  the  metal.  Verdigris  diffolved  in 
diftiiied  vinegar  becomes  completely  faturated  with 
acid,  and  when  cryft^llizcd,  is  improperly  called 
diftiiied  verdigris. 

D Copper  may  be  deprived  of  any  acid  by  diftil- 
E lation,  without  any  intermediate  fubftance.  The 
acetous  acid  thus  recovered  from  cryftals  of  verdi- 
gris, is  called  radical  vinegar  (217,  z). 

When  , 
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When  copper  is  feparated  from  any  acid  by  the  f 
addition  of  an  alkali,  in  greater  quantity  than  is 
fufficient  for  the  purpofe,  the  alkali  diflblves  pait 
of  the  calx,  and  gives  the  liquor  a blue  colour. 

Cauftic  volatile  alkali  diflblves  copper  if  the  c 
accefs  of  relpirable  air  be  permitted.  The  folu- 
tion  is  of  a fine  blue,  and  yields,  on  evaporation  a 
faline  mafs  of  the  fame  colour.  It  is  obfervable 
that  the  alkaline  liquid  remains  colourlefs  while 
the  air  is  prevented  from  communicating  with  its 
furface,  but  that  the  blue  colour  extends  gradually 
from  the  furface  downwards,  when  the  veflel  is 
opened.  A circumftance  well  explained  from  the 
confideration  that  the  air  ads  as  an  intermedium 
in  carrying  off  that  portion  of  phlogifton,  which 
it  is  neceffary  the  copper  Ihould  lofe  in  order  to 
become  folublc. 

Neutral  falts,  and  alfo  oils  and  fat  fubftances,  h 
have  a confiderable  action  on  copper. 

Copper  mixes  with  the  otlier  metals.  The  i 
compofitions  moft  generally  in  ufe,  in  which  cop- 
per enters  as  the  principal  part,  are  brafs  and 
bell-metal. 

Brafs  is  compofed  of  copper  and  zink.  Ac-  k 
cording  to  the  proportion  of  zink,  the  brafs  is  of  a 
yellower  and  paler  colour  than  copper,  and  when 
the  zink  greatly  abounds  it  is  white.  Brafs  is 
very  dudlle  and  malleable  when  cold,  but  brittle 
when  hot.  It  is  harder,  more  fonorous,  and  not 
fo  liable  to  ruft  as  pure  copper;  and  is  alfo  more 
fufible,  and  lefs  fubjed  to  fcorify  in  a moderate  heat. 

Thefe 
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Thefe  properties^  added  to  the  beauty  of  its  Co- 
lour, render  it  a very  valuable  material  in  the 
arts. 

L The  fineft  brafs  is  not  made  by  the  fufion  of 
copper  and  zink,  but  by  the  cementation  of  gra- 
nulated copper  with  pulveri:^ed  calamine  and  char- 
coal. The  calamine,  which  is  an  ore  containing 
zink  in  a calcined ‘ftate,  parts  with  its  zink  in  the 
fcrm  of  vapour  when  revived  by  the  charcoal  j 
and  this  volatile  lemi-metal  combines  with  the 
copper.  The  procefs  lafts  eight  or  ten  hours,  or 
even  fome  days,  according  to  the  quality  of  the 
calamine,  at  the  end  of  which,  by  an  increafe  of 
heat  for  a fhort  time,  the  brafs  is  fufed  into  a mafs 
at  the  bottom  of  the  crucible.  The  quantity  of 
zink  in  good  brafs,  may  be  about  one  third. 

M Bell-metal  is  compofed  of  copper  alloyed  with 
tin.  According  to  the  proportion  of  tin  the  com- 
pound becomes  paler  than  copper,  and  when  the 
tin  amounts  to  one  third  of  the  mafs,  it  becomes 
of  a very  beautiful  yellowifli  white.  It  is  remark- 
able that  zink,  which  is  fcarcely  at  all  malleable, 
fliould  unite  with  copper  into  the  malleable  com- 
pound brafs;  and  on  the  contrary,  the  two  malle- 
able metals,  tin  and  copper,  compole  bell-metal, 
which  is  fo  brittle,  that  it  may  be  reduced  to  pow- 
der. The  fpecific  gravity  of  bell -metal  is  a cir- 
cumflance  equally  fingular;  for  in  moft  propor- 
tions of  the  mixture  it  is  about  as  heavy  as  the 
heavieft  of  the  two  metals,  copper ; and  when  the 
tin  is  about  one  tliird,  its  denfity  is  adually  greater* 
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than  that  of  copper  The  extreme  hardnefs  and 
fonoroiifnefs  of  this  compound,  together  with  its 
being  lefs  fubjed  to  alter  by  expofure  to  the 
viciflitudes  of  the  air,  than  any  other  cheap  metal- 
lic compound  poflTefling  the  fame  properties,  have 
recommended  it  in  the  fabrication  of  various 
utenfils  and  articles;  as  cannon,  bells,  ftatues,  &c. 
in  the  compofition  of  which,  other  metals,  howevar, 
are  mixed  in  various  proportions,  according  to  the 
fancy  or  the  experience  of  the  artift. 

The  attention  of  the  philofopher  is  more  par-  n 
ticularly  direded  to  the  mixture  of  copper  and 
tin,  on  account  of  its  being  the  fubllance  of  which 
the  fpeculums  of  refleding  telefcopes  are  made. 
For  this  purpofe  there  is  required  a metal  capable 
of  an  exquifite  polifli,  hard  enough  to  receive  and 
retain  a figure  accurately  fuited  to  the  regular  re- 
fledion  of  light,  and  not  fubjed  to  lofe  its  polifh  or 
figure  by  the  adion  of  air  and  the  vapours  ufually 
floating  therein.  Such  a compofition,  it  mull  be 
confelfed,  is  Hill  a defideratumj  but  the  experiments 
and  pradice  of  the  belt  artills  Ihew,  that  pure 
copper  alloyed  with  pure  tin,  affords  a metal  equal 
at  lead,  if  not  fuperior,  to  any  of  the  lefs  fimple 
mixtures  given  in  books.  As  to  the  proportions, 
it  is  found  that  a fmall  addition  of  tin  renders  the 
colour  of  copper  white,  and  at  the  fame  time  hardens 
it  confiderably.  Thefe  effeds  are  more  and  more 
prevalent  while  the  dole  of  tin  increafes  as  far  as  a 
\ 
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certain  point.  Fourteen  ounces  apd  ahajf  of  tin  to 
two  pounds  of  copper,  i§  a good  coinpofition  for 
o mirrors.  One  third  part  tin  produces  a whiter 
colour,  but  is  too  hard  to  be  worked  in  the  ufual 
r methods  of  gr  inding.  If  the  dofe  of  tin  be  greatly 
increafed,  a ibfter  metal  of  a bluilh  white  colour 
is  obtained,  which  bears  and  retains  a good  polilh 
and  figure,  but  does  not  feem  equal  to  the  yel- 
lowilh  white.  Some  care  and  attention  are  re- 
quired in  calling  mirrors,  that  they  may  not  prove 
full  of  microfcopic  pores  by  the  intermixture  of 
calx.  For  this  metal  is  eafily  reduced  to  a calx, 
and  burns  with  a purple  flame  in  a flrong  red  heat, 
q^,To  prevent  this,  the  copper  mull  firfl;  be  fufed  in 
a melting-pot,  larger  than  fuflicient  tp  contain  tho 
whole,  and  whole  upper  part  is  filled  with  pul- 
verized charcoal,  and  the  tin  afterwards  added  j 
and  when  the  mixture  is  completed,  the  whole 
mult  be  fufiered  to  cool,  nearly  to  concretion,  be- 
fore it  is  poured  out.  Or,  which  is  llill  better,  it 
may  be  poured  out  and  again  melted  with  a low 
heat,  fuch  as  is  merely  fiifficient  for  the  purpofe. 
Among  various  pieces  call  out  of  the  fame  fufion, 
the  latter  proved  always  cleaner,  better  adapted  to 
the  mould,  and  of  a more  uniform  texture  wben 
polifned. 

R , Iron  is  a metal  of  a bluifli  white  colour,  more 
or  lefs  dark  in  various  fpecimens,  fubjedl  to  mil 
by  expofure  to  air  and  moiflure.  Its  tenacity, 
du(5lility,  and  malleability  are  very  great;  and  it 
exceeds  every  other  metal  in  elallicity  and  hard- 
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nefs.  The  appearance  of  prifinatic  colours  (251,  v) 
on  its  polifhed  lurface  takes  place  long  before 
ignition.  It  may  be  ignited  by  a quick  fucceffion 
of  blows  with  a hammer.  Struck  with  a flint  it 
emits  decrepitating  ignited  particles,  fuch  as  can 
be  obtained  from  no  other  metal  by  the  fame 
means.  It  is  eafily  calcined  by  fire,  but  requires 
a moll  intenfe  heat  to  fufe  it  when  pure.  During 
its  decompofition  by  heat,  it  exhibits  ftronger 
marks  of  combuftion  than  any  other  entire  metal. 
It  is  even  laid*,  that  the  blaft  of  bellows  will 
maintain  its  heat  after  it  has  been  Ilrongly  ignited 
and  taken  out  of  the  fire;  and  it  is  certain  that 
the  end  of  an  iron  wire  being  made  red  hot  and 
dipped  in  ajar  of  dephlogifticated  air,  will  be  en- 
tirely confumed  by  the  fuccefllve  combuftion  of 
its  parts.  In  a white  heat,  iron  appears  as  if 
, covered  with  a kind  of  varnilh,  and  in  this  ftate 
two  pieces  applied  together  will  adhere  and  may 
be  perfecftly  united  by  forging.  This  operation, 
peculiar  to  iron,  is  called  welding.  Iron  is 
thought  to  be  the  only  fubftance  in  nature  that 
has  the  property  of  becoming  magnetical.  Such 
other  bodies  as  have  that  property,  poflefs  it  in  a 
very  ftight  degree,  and  it  may  arife  from  iron  con- 
tained in  them,  as  far  as  experiments  have  yet  un- 
equivocally ftiewn. 

Iron  ia  more  abundant  and  more  univerfally 
difFufed  than  any  other  metallic  body.  Few  fands. 
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clays,  flones,  or  waters  of  rivers,  fprings,  rain,  or 
fnow  are  perfectly  free  from  it.  The  parts  of  animal 
and  vegetable  fubftances  have  been  alfo  obferved 
to  contain  it.  Native  malleable  iron  has  been 
found,  though  rarely.  Its  ores  are  either  purely 
calciform,  as  in  ochres  and  haematites ; or  the 
calces  are  mixed  chiefly  with  earths,  as  in  fpars, 
jafper,  boles,  bafaltes,  micas,  &c.;  or  the  iron  is 
mineralized  with  fulphur,  as  in  pyrites,  (171,0) 
with  arfenic  in  the  white  pyrites,  or  with  both; 
with  bitumen  in  the  coal  ore;  or  combined  with 
the  vitriolic  acid  in  native  vitriol  or  vitriolic 
waters. 

The  ores  of  iron,  after  roafling,  are  fmelted  in 
furnaces  of  various  magnitudes  and  forms.  Some 
are  thirty  feet  in  height,  their  internal  fhape  being 
nearly  the  fruftum  of  a cone,  whofe  larger  bafe  is 
uppermolt.  Near  the  bottom  is  an  aperture,  for 
the  infection  of  the  pipe  of  large  bellows,  worked 
by  water,  or  of  other  machines  for  producing  a 
current  of  air,  and  alfo  holes  to  be  occafionally 
opened  to  permit  the  fcoria  and  the  metal  to  flow  ' 
out,  as  the  procefs  may  require.  Charcoal  or  coke, 
with  lighted  brufliwood,  is  firft  thrown  in,  and 
when  the  whole  infide  of  the  furnace  has  acquired 
a ftrong  ignition,  the  ore  is  thrown  in  by  fmall 
quantities  at  a time,  with  more  of  the  fuel,  and 
commonly  a portion  of  lime  ftone,  as  a flux.  The 
ore  gradually  fubfides  into  the  hottefl:  part  of  the 
furnace,  where  it  becomes  fufed,  and  the  metallic 
particles  revived  by  the  coal,  pafs  through  the 
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fcoria,  and  polTefs  the  lower  place.  The  quantity 
of  fuel,  the  additions,  and  the  heat  muft  be  re^ 
gulated  in  order  to  obtain  iron  of  a good  quality  j 
and  this  quality  rnuft  likewife,  in  the  firft  produd-, 
be  neceflarily  different,  according  to  the  nature  of 
the  parts  that  compofe  the  ore. 

The  beft  caft  iron,  or  iron  as  much  freed  from  u 
heterogeneous  matters  as  the  ufual  procefs  of  fmelt- 
ing  can  effedl  it,  is  not  at  all  malleable,  and  fo  hard, 
as  perfedly  to  withftand  the  file.  If  this  be  kept 
in  fulion  for  a confiderable  time,  it  boils,  and 
much  fcoria  is  feparated ; and  by  repeated  blows  of 
a large  hammer  on  the  mafs,  when  nearly  at  the 
melting  heat,  more  extraneous  matter  is  forced  out, 
and  it  is  rendered  malleable.  In  this  ftate  it  is 
much  Ibfter  than  before,  and  of  a fibrous  texture. 

Caft  iron  has  for  fome  time  paft  been  brought  v 
into  the  malleable  ftate  by  paffing  it  throush  rol- 
lers inftead  of  forging  it.  This  is  found  to  be  a 
real  improvement  in  the  procefs,  as  well  in  point 
of  dilpatch,  as  in  its  not  requiring  that  fl^ill  and 
dexterity  which  forge-men  only  acquire  by  long 
pradice.  If  the  purpofes  of  commerce  fliould 
require  more  iron  to  be  made,  it  will  be  eafy  to 
fabricate  and  ered;  rolling  machines,  though  it 
might  be  impradicable  to  procure  expert  forge- 
men  in  a fhorttime. 

Steel  is  iron  in  an  intermediate  ftate  between  w 
caft  iron  and  iron  which  is  fbft,  tough,  apd  malle- 
able. The  iron  run  from  fome  German  ores  is 
found  to  be  a good  fteel,  when  forged  only  to  a 
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certain  point.  But  lied  is  iifually  made  by  ce- 
mentation from  the  beft  forged  iron  with  matters 
chiefly  of  the  inflammable  kind.  Two  parts  of 
pounded  charcoal  and  one  of  wood  allies  is  elleem- 
ed  a good  cement.  The  iron  bars  are  bedded 
feparately,  or  apart  from  each  other,  in  this  cement, 
in  a clofed  crucible,  and  kept  in  an  equal  red  heat 
for  eight  or  ten  hours,  at  the  end  of  which  time 
they  are  found  to  be  converted  into  fteel.  If  the 
cementation  be  continued  too  long,  the  fteel  is 
brought  to  a ftate  refembling  call  iron,  being 
rendered  excelTively  brittle,  incapable  of  being 
welded,  and  apt  to  crack  and  fly  in  forging:  but 
on  the  contrary,  cementation  with  ablbrbent  earths 
or  Ample  ignition  long  continued,  reduces  fteel  to 
the  ftate  of  forged  iron. 

It  is  a valuable  property  of  fteel,  that  though  it 
k fufiiciently  foft  when  gradually  cooled,  to  be 
formed  without  difficulty  into  various  tools  and 
utenfils,  yet  it  may  be  afterwards  rendered  more  or 
lefs  hard,  even  to  an  extreme  degree,  by  limply 
plunging  it,  when  heated,  into  cold  water.  This 
is  called  tempering.  The  hardnefs  produced,  is 
greater  in  proportion  as  the  fteel  is  hotter  and  the 
water  colder.  • The  colours  that  appear  on  the 
furface  of  fteel  llowly  heated,  are  yellowilh  white, 
yellow,  gold  colour,  purple,  violet,^  deep  blue, 
yellowilli  white,  after  which  the  ignition  takes 
jdace.  Thefe  figns  direft  the  artift  in  tempering. 
Ignited  fteel  quenched  in  water,  proves  exceflively 
hard  and  brittle,  but  it  may  be  reduced  to  the  re- 
quired 
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quireci  degree  of  foftnefs  by  heating  it  till  it  ex- 
hibits a known  colour.  Soft  fteel  has  a greater 
f])ecific  gravity  than  that  which  is  hardened. 

Call  iron,  by  cementation  with  animal  adies,  may  \ 
be  brought  into  a ftate  refembling  fteel,  and  capa- 
ble of  being  tempered  by  immerfion  in  water;  and 
a farther  continuation  of  this  procefs  carries  it 
beyond  that  point,  fo  that  it  refembles  forged  iron. 
But  this  management  is  much  iefs  effedtual  than 
forging,  probably  becaufe  the  impurities  of  call 
iron  are  not  removed  by  it. 

Tools  and  other  articles  wrought  in  forged  iron,  z 
are  often  cemented  with  a compofition  of  burned 
leather,  horns,  or  the  like  fubftances  for  a ftiort 
time,  by  which  a very  thin  ftratum  of  the  external 
part  is  converted  into  fteel,  and  is  hardened  by 
immerfion  in  water.  This  is  called  cafe-harden- 
ing. 

The  chief  differences  in  iron  appear  to  depend  a 
on  the  prefence  or  abfence  of  plumbago  (169,  v). 
When  caft  iron  is  diffolved  in  the  vitriolic  acid,  a 
refidue  remains  untouched,  which  is  found  to 
confift  chiefly  of  plumbago,  inflammable  air  be- 
ing at  the  fame  time  extricated  (179  a).  Steel 
in  the  fame  circumftances,  affords  lefs  plumbago 
and  more  inflammable  air..  Tough,  malleable 
iron,  fimilarly  treated,  leaves  fcarcely  any  refidue, 
but  gives  out  more  inflammable  air  than  either  of 
the  other  kinds  of  iron.  It  is  therefore’  feen  that  b 
caft  iron  confifts  of  the  metal  combined  widi 
plumbago,  which  is  a kind  of  fulphur,  and  deprived 
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of  fqch  a poition  of  phlogifton  as  it  is  probably 
necelTary  (233,  i)  it  Ihould  lofe,  in  order  to  b« 
capable  of  fuch  an  union.  Steel  is  a more  per- 
fed:  iron,  nearly  as  malleable  in  its  foft  ftate  as 
forged  iron ; but  in  its  hard  ftate,  as  brittle  as  the 
crude  caft  iron.  Pure  forged  iron  is  the  metal 
itfelf  alone. 

c The  iron  obtained  from  various  ores  or  by  va- 
rious proceffes,  is  found  to  differ  in  its  qualities  in 
feveral  other  refpeds,  the  caufes  of  which  have 
not  yet  been  fufficiently  examined.  In  particular, 
the  iron  of  certain  ores,  efpecially  if  the  fufion  in 
the  fmelting  furnace  has  not  been  continued  a 
fufficient  time,  has  the  quality  of  breaking  in 
pieces  under  the  hammer  when  ignited.  This  is 
called  red-ftiort  iron. 

D Such  iron  as  contains  the  phofphoric  acid,  is 
malleable  when  ignited  and  brittle  when  cold. 
This  is  called  cold-fhort  iron. 

E The  vitriolic  acid  diffolves  iron  readily,  and 
forms  vitriol  (178,  u).  This  fait  in  folution  is 
deprived  of  phlogifton  by  the  contad  of  air,  and 
the  iron  is  by  that  means  rendered  lefs  foluble  in 
the  acid  (233,  i).  A quantity  of  ochreous  matter 
or  calx,  therefore  gradually  falls  to  the  bottom  in 
that  cafe,  and  the  liquor,  as  well  as  the  cryftals, 
obtained  from  it  by  evaporation,  are  paler. 

F Dilute  nitrous  acid  diffolves  iron  and  forms  a 
faline  combination  incapable  of  cryftallizing. 
Strong  nitrous  acid  corrodes  and  dephlogifticates 
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a confiderable  quantity  of  iron,  which  falls  to  the 
bottom. 

Marine  acid  likewife  diflblves  iron,  and  forms  an  g 
incryftallizable  compound. 

The  Pruflian  acid  precipitates  iron  from  its  h 
folutions  in  the  form  of  Pruflian  blue  (208,  w). 

Galls  and  other  aftringent  vegetables  preci-  i 
pitate  iron  from  its  folution  in  the  form  of  a deep 
blue  or  purple  fecula,  of  fo  intenfe  a colour  as  to 
appear  black.  The  infuiion  of  galls,  and  alfo  the 
Pruflian  alkali,  are  tefts  of  the  prefence  of  iron 
by  virtue  of  the  precipitates  they  throw  down. 
Acids  diflTolve  the  black  precipitate  caufed  by 
sails  : alkalis  convert  it  into  a brown  ochre.  A k 
good  and  durable  black  ink  may  be  made  by  the 
following  direftions:  To  two  pints  of  water  add 
three  ounces  of  the  dark  coloured  rough  fkinned 
Aleppo  galls  in  grofs  powder,  and  of  rafped  log- 
wood, green  vitriol,  and  gum  arabic,  each  an  ounce. 
This  mixture  is  to  be  put  into  a convenient  veflfel, 
and  well  fhaken  four  or  five  times  a day,  for  ten  or 
twelve  days,  at  the  end  of  which  time  it  will  be  fit 
for  ufej  though  it  will  improve  by  remaining 
longer  on  the  ingredients.  Vinegar  inftead  of 
water  makes  a deeper  coloured  ink  j but  its  affion 
on  pens  foon  fpoils  them. 

Iron  has  a ftrong  affinity  with  fulphur.  If  a l 
bar  of  iron  be  ftrongly  ignited  and  a roll  of  ful- 
phur be  applied  to  the  heated  end,  it  will  combine 
with  the  iron  and  form  a more  fufible  mafs,  which 
will  drop  down.  A veflTel  of  water  ought  to  be 
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placed  beneath^  for  the  purpofe  of  receiving  and 
extinguilhing  it,  as  the  fumes  would  otherwife  be  , 
inconvenient  to  the  operator. 

M If  a mixture  of  five  or  fix  pounds  of  filings  of 
iron  be  moiftened  with  a fufficient  quantity  of 
water  to  form  a pafte,  jt  will,  in  a certain  time, 
fwell,  become  hot,  melt,  fume,  and  even  take 
fire,  The  refiduum  fiirnifhes  martial  vitriol.  This 
procefs  is  fimilar  to  the  decompofition  qf  the  mar^r 
tial  pyrites  (171,  d;  150,  t;  t24,'n).  The  water 
feems  to  be  neceffary  to  enable  the  aejd  to  aft  on 
the  iron. 

N Iron  may  be  allayed  with  all  inetals,  except  lead 
and  mercury.  Its  owai  valuable  properties,  how^ 
ever,  render  it  unnecefTary  to  mix  it  with  other 
metals.  A coating  of  tin  defends  it  from  rufting 
by  the  aftion  of  the  air  and  other  folvents,  and  is 
accordingly  much  ufed. 

o Tin  is  a metal  of  a yellowifh  white  colour,' 
not  fubjeft  to  ruff,  though  its  feraped  or  polifhed 
furface  foon  lofes  its  brightnefs.  It  is  not  quite 
fo  foft  as  lead,  has  not  much  tenacity,  and  is  the 
lead  heavy  of  any  of  the  intire  metals.  Under 
the  hammer  it  is  beat  into  leaves  of  about  the 
rlicufandih  part  of  an  inch  in  thicknefs,  and  might 
cafily  be  beaten  to  iefs  than  half  that  thicknefs, 
if  the  purpofes  of  trade  required  it.  Long  be- 
fore ignition,  it  melts  at  about  the  410th  degree 
of  Fahrenheit’s  thermometer,  and  by  continuance 
of  the  heat,  llowly  calcines  into  a white  pov/der. 
Tin, 'like  lead,  is  brittle  when  heated  almoft  tq 
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fufion,  and  being  broken  by  the  blow  of  a ham- 
mer>-  exhibits  a grained  or  fibrous  texture.  It 
may  alfo  be  granulated  by  agitation,  at  the  time 
of  its  pairing  from  a fluid  to  a folid  Hate  (247,  k). 
Its  calx  refifts  fufion  more  than  that  of  any  other 
metal,  and  from  that  property  it  is  ufeful  to  form 
an  opake  white  enamel,  when  mixed  with  pure 
glafs  in  fufion. 

The  largefl:  quantities  of  tin  are  found  in  the 
county  of  Cornwall  in  England.  It  is  alfo  found 
in  Saxony,  Bohemia,  and  the  penlnfula  of  Malacca 
in  the  Eafl:  Indies  j but  rarely  in  any  other  coun- 
tries in  fuflicient  quantities  to  pay  the  charges  of 
working.  Native  tin  is  feldom  met  with.  The 
ores  of  tin  are  almofl;  always  calces  of  that  metal 
in  a cryftallized  form,  bedded  commonly  in  a fili- 
ceoiia  matrix.  Such  are  the  white  tin  fpar,  the 
opake  brown  or  black  ore,  the  garnet  ore,  which 
abounds  with  iron,  and  the  tin  Hone.  Thefe  are 
all  much  heavier  than  any  unmetallic  fubftance. 
Tin  has  been  found  in  Siberia,  united  with  fulphur. 

Tin  ores,  when  impure,  are  cleanfed  from  lie- 
terogeneous  particles  by  pounding  and  walking 
(229,  t).  a flight  previous  roafting  renders 
the  ftony  admixtures  more  friable;  and  when 
arfenic  is  contained  in  the  matrix,  it  is  driven  off 
by  a ftrong  heat,  continued  for  a Ihort  time,  the 
ore  being  frequently  flirred  to  prevent  its  fufion. 
In  the  (^nelting,  care  is  taken  to  add  a larger  quan- 
tify of  charcoal  than  is  commonly  ufed  in  other 
fufions  i and,  to  avoid  a greater  heat  than  is  ne- 
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cefiary  to  reduce  the  ore,  in  order  that  the  lofs 
of  metal,  which  would  otherwife  happen  by  calci- 
nation, may  be  prevented  as  much  as  poilible. 

R Concentrated  vitriolic  acid  difTolves  tin  in  a 
boiling  heat.  During  the  folution,  vitriolic  acid 
air  elcapes,  and  fulphur  is  formed  in  dark  coloured 
particles,  which  are  faid  to  fublime  in  their 
proper  form  * in  the  neck  of  the  retort, 
s Nitrous  acid  a61s  very  powerful  on  tin.  To 
obtain  a perfedl  folution,  the  metal  muft  be  ad- 
ded a very  little  at  a time,  and  all  heat  avoided ; 
for  if  much  tin  be  put  in  at  once,  the  cor- 
rofion  Cakes  place  with  great  rapidity  and  heat, 
and  the  metal  is  deprived  of  fo  much  of  its  phlo- 
gifton,  that  it  falls  to  the  bottom  in  the  form  of 
a white  calx,  infoluble  in  acids  (23J,  i),  and  of 
difficult  redudlion.  The  fait,  formed  by  the  union 
of  tin  with  the  nitrous  acid,  burns  and  fparkles  in 
a red  heat. 

T If  cryflals  of  cupreous  nitre  (252,  z)  be  gro fly 
pulverized,  moiftened,  and  rolled  up  in  tin-foil,  the 
fait  deliquefces,  and  the  nitrous  acid  begins  to  adt 
on  the  tin  with  heat,  nitrous  fumes  are  emitted, 
the  cupreous  nitre  takes  fire,  and  burns  likewifc 
the  newly  formed  portion  of  nitrated  tin. 
u Marine  acid  difiblves  tin  with  the  affiftance  of 
heat,  and  affords  cryftals  by  evaporation.  If  cor- 
rofive  fublimate  be  added  to  tin,  divided  by  pre- 
vious amalgamation  with  mercury,  the  marine  acid 
combines  with  the  tin,  and  comes  over  by  diftil- 
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lation,  in  the  form  of  a ftrong  fmoking  liquid, 
which,  if  diluted  with  water,  grows  opake,  and 
depofits  calx  of  tin. 

Aqua  regia  diflblves  tin  dircdly,  and  when 
loaded  with  that  metal,  has  a gelatinous  appear- 
ance. This  folution  is  ufed  by  dyers  for  heighten- 
ing the  colours  of  cochineal,  gum-lac,  and  fome 
other  red  tinftures,  from  a crimfon  to  a bright 
fcarlet,  in  the  dying  of  woolens. 

Tin  combines  with  fulphur  by  fufion,  and  forms 
a brittle  mafs  lefs  fufible  than  pure  tin.  If  the 
amalgam  of  tin,  with  half  its  weight  of  mercury, 
be  fet  to  fublime  with  fulphur  and  fal  ammoniac, 
each  equal  in  weight  to  the  mercury,  the  whole 
being  previoufly  well  mixed  in  powder,  a fpark- 
ling  gold-coloured  fubftance  is  obtained,  which 
con  flits  of  tin  and  fulphur,  and  is  called  aurum 
mufivum.  The  procefs.  is  thus  explained : 
as  the  heat  increafes,  the  tin,  by  greater  affi- 
nity, unites  with  the  marine  acid  of  the  fal- 
ammoniac,  and  fets  its  volatile  alkali  at  liberty, 
which  flies  off,  together  with  a portion  of  the  ful- 
phur, in  the  form  of  an  hepar.  The  falited  tin 
rifes  by  fublimation,  and  is  found  adhering  to 
the  lides  of  the  velTel.  The  mercury,  which  was 
only  added  to  divide  the  tin,  combines  with  part 
of  the  fulphur,  and  forms  cinnabar,  which  alfo 
fublimes.  And  the  remaining  fulphur,  with  the 
remaining  tin,  forms  the  aurum  mufivum,  which 
occupies  the  lower  part  of  the  veffel.  It  is  ufed  as 
a pigment. 
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y Tin  unites  with  all  the  metals.  Clean  iron 
plates,  dipped  in  melted  tin,  become  covered  witJi 
a thin  coating  of  that  metal,  and  form  a very 
ufeful  material  for  making  wholefome  kitchen 
. utenfils,  and  other  articles.  In  performing  this 
bufmefs  it  is  found  neceffary,  either  to  dip  the 
clean  iron  previoufly  in  a folution  of  fal-ammo- 
niac,  or  to  keep  the  Ibrface  of  the  tin.  covered 
with  fat  and  pitch,  in  order  that  the  appofition  of 
the  two  metals  may  not  be  prevented  by  the  calces 
that  the  conta(5b  of  air  might  form  on  their  fur- 
faces.  Thefe  plates,  which  poflefs  the  cleanlinefs 
of  tin,  added  to  the  rigidity  of  iron,  are  much 
ufed.  In  England  they  are  called  tin  plates. 

2 Pewter  is  a compound  metal,  w’hofe  bafis  Is  tin. 

’ The  beft  pewter  confifts  of  tin  allayed  with  a quan- 
tity not  exceeding  one  twentieth  of  copper,  or 
other  metallic  bodies,  as  the  experience  of  the 
workman  has  Ihewn  to  be  moft  conducive  to  the 
improvement  of  its  hardnefs  and  colour.  The  in- 
ferior forts  of  pewter  contain  much  lead,  have  a 
bluifli  colour,  and  are  foft. 

A Ufeful  compounds  are  made  with  tin,  and  a 
large  proportion  of  copper  (254,  m). 
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CHAP.  XIX. 

OF  THE  SEMI-METALS,  BISMUTH,  NICKEL,  RE- 
CULUS  OF  ARSENIC,  COBALT,  ZINK,  REGULUS 
OF  ANTIMONY,  OF  MANGANESE,  OF  WOLFRAM, 
AND  OF  MOLYBDENA. 

Bismuth  is  a yellowlih  or  rcdifli  white  b 
femi-metal,  little  fubjeft  to  change  in  the 
air.  It  is  fomewhat  harder  than  lead,  and  fcarcely, 
if  at  all,  malleable,  being  eafily  broken,  and  even 
reduced  to  powder  by  the  hammer.  The  internal 
face,  when  broken,  appears  compofed  of  large 
fhining  plates,  difpofed  in  a variety  of  pofitions. 

It  melts  at  the  460th  degree  of  Fahrenheit.  Thip 
pieces  are  confiderably  fonorous. 

This  femi-metal  is  often  found  native.  Its  ores  c 
are  eidier  calciform  or  fulphureous. 

Bifmuth  is  fcarcely  foluble  in  the  vitriolic  acid,  d 
and  ftill  lefs  in  the  marine.  Nitrous  acid  or  aqua 
regia  diffolves  it.  The  addition  of  pure  water 
precipitates  its  calx,  and  is  the  criterion  by  which 
bifmuth  is  diftingulflied  and  purified  from  all  other 
metals.  This  white  calx,  called  magiftery  of  bif- 
muth, or  Spanifli  white,  is  ufed  as  a paint  for  the 
complexion,  which  however  it  gradually  impairs. 
Moft  metallic  matters  unite  with  bifmuth,  and 

'1 

are  rendered  more  fufible  by  the  addition.  It  is 
ufed  in  making  pewter,  printers  types,  folder.  See. 
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The  great  fufibility  of  the  mixture  of  bifmuth, 
tin,  and  lead  (232,  c),  renders  it  of  admirable 
ufe  in  making  collars  for  the  axles  of  fome  me- 
chanical inftrnments  to  run  in. 

Nickel  is  a femi-metal  of  a reddifh  white  co- 
lour, of  great  hardnefs,  fcarcely  yielding  to  the 
file,  and  of  an  uniform  texture.  It  is  very  diffi- 
cult to  purify  it,  and  is  fuppofed,  even  when  as  ^ 
pure  as  it  has  hitherto  been  obtained,  to  contain 
iron,  as  it  is  magnetical.  It  is  malleable,  and 
fcarcely  more  fufible  than  pure. iron. 

The  vitriolic  and  marine  acids  do  not  eafily 
attack  this  femi-metal.  The  nitrous  acid  and 
aqua  regia  diffolve  it  readily.  Its  folutions  are 
decD  o-feen. 

X O 

Regulus  of  arfenic  is  of  a bright  yellowifh 
white  colour,  fubjed  to  tarniffi,  and  become  black 
by  expofure  to  air  j very  brittle,  and  of  a lamel- 
lar texture.  By  heat  it  fublimes  partly  in  the 
form  of  calx,  and  partly  unaltered.  The  fumes 
are  dangerous,  and  have  an  offenfive  fmell,  re- 
fembling  garlick. 

The  arfenic  met  with  in  commerce  -is  brought 
chiefly  from  the  cobalt  works  in  Saxony,  for  mak- 
ing zaffre  and  hnalt.  The  arfenic  contained  in 
great  quantity  in  cobalt  ores,  is  driven  off  by 
long  torrefadion.  Thefe  fumes  pafs  into  and  ad- 
here to  the  fides  of  a very  long  chimney,  con- 
flruded  for  that  purpofc.  Arfenic  is  a calx  of  the 
regul>is,  and  contains  no  fixed  air.  It  is  fo  far  in 
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a fallne  ilate  as  to  be  foluble  in  eighty  times  its 
weight  of  water. 

The  regulus  is  obtained  from  this  calx,  either  k 
by  quickly  fufing  it  together  with  twice  its  weight 
of  foft  foap  and  an  equal  quantity  of  mineral  alkali, 
pouring  it  out,  when  fufed,  into  an  hot  iron  conej 
or  by  mixing  it,  in  powder,  with  oil,  and  diftilling 
the  whole  gradually  to  drynefs.  The  regulus 
fublimes  towards  the  end.  This  procefs  is  too 
©ffenfive  to  be  made  but  in  the  open  air. 

White  arfenic  previoufly  divided  by  folution  in  L 
boiling  marine  acid,  is  fo  far  dephlogifticated  by 
repeatedly  pouring  nitrous  acid  on  it,  and  diftilling 
it  off,  and  at  laft  raifing  the  heat  to  ignition,  that  it 
becomes  an  acid,  in  the  form  of  an  concrete  white 
mafs,  very  foluble  in  water,  and  pofTefTing  peculiar 
properties.  This  is  the  arfenical  acid. 

The  dephlogifticated  marine  acid  t)m 

likewife  dephlogifticates  the  arfenical  calx,  and 
produces  the  arfenical  acid 

The  vitriolic  acid  diffolves  the  regulus  of  n 
arfenic  by  boiling.  The  marine  acid  and  aqua 
regia  alfo  diffolve  it  by  heat.  Nitrous  acid  de- 
phlogifticates it  (271,  l). 

Arfenic  in  any  form  is  a moft  ftrong  poifon.  o 
Cobalt  is  a femi-metal  of  a bluifh  grey  colour,  p 
of  confiderable  hardnefs,  and  very  brittle.  When 
well  purified  it  is  nearly  as  infufible  as  iron.  Its 

* Thefe  procefTes  are  amply  deferibed  in  Scheele’s  Chemical 
Eflays.  London,  1786. 
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ores  are  either  calciform,  or  it  is  mineralized  with 
the  vitriolic  or  arfcnical  acid.  They  moftiy 
abound  with  arfenic,  and  contain  bifmuthj  iron,  or 
other  metallic  matters. 

Thefe  ores  have  not  been  found  in  plenty,  or 
at  leaft  worked  to  advantage,  except  in  Saxony. 

• They  are  valued  for  the  beautiful  blue  they  impart 
to  glafs,  and  are  manufaftnred  on  the  fpot  into 
zaffre  and  fmalt.  The  firft  confifts  of  the  calx  of 
cobalt  fimply  mixed  with  pulverized  flints,  moiHen- 
ed  and  preflfed  into  calks.  The  latter  is  the  fame 
calx  fufed  into  glafs  with  vitrifiable  earth  and 
alkali,  and  reduced  to  a fine  powder,  by  quenching 
in  water  and  levigation,  or  rolling  in  a mill. 

R Cobalt  is  eafily  foluble  in  the  nitrous  acid  or  in 
aqua  regia,  to  which  it  imparts  a red  colour. 
The  vitriolic  acid  fcarcely  a£ts  on  it,  unlefs  boiling 
and  highly  concentrated.  The  marine  acid  has  no 
aftion  on  the  regulus,  but  dilTolves  the  calces. 

s Zink  is  a white  femi-metal,  not  fubjedl  to  ruftin 
the  air,  harder  than  either  lead  or  tin,  malleable  in 
a certain  degree,  and  fo  tough  that  a thin  piece 
may  be  bent  feveral  times  backward  and  forward 
before  it  breaks.  Its  fradure  exhibits  Ihining 
facets.  Some  time  before  ignition  it  melts ; when 
ignited  it  becomes  covered  with  a white  calx,  and 
on  the  heat  being  raifed  and  the  furface  of  the 
metal  uncovered,  it  burns  with  a very  bright 
flame,  at  the  fame  time  that  part  of  the  calces  are 
driven  up  in  the  form  of  a white  fmoke,  which  floats 
in  the  air. 
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The  ores  of  zink  are  either  calces,  as  tlie  zink-  T 
ipar,  and  calamine  j or  mineralized  with  fulphur,  as 
in  pfeudo-galena  or  blackjack,  and  blends  of  vari- 
ous colours.  The  fulphureous  ores  require  torrefac- 
tion.  Zink  is  obtained  from  its  ores  by  diftillation 
with  charcoal,  in  clofcd  veflels  in  a reverberatory 
furnace,  the  conftrudion  being  peculiarly  adapted 
to  preferve  this  volatile  and  inflammable  meta 
from  being  dilTipated  or  calcined. 

Zink  is  readily  diflfolved  in  acids.  White  vitriol  v 
{^79>  y)  is  the  only  faline  combination  of  this 
metal  found  in  commerce. 

Sulphur  has  no  aftion  on  this  femi-metal:  v 
whence  it  is  eafily  purified,  by  burning  fulphur  on 
its  furface  when  in  fufion.  Thefe  two  fubftances 

are  united  in  ores  by  the  medium  of  iron. 

( ■ ■ 

Zink  is  chiefly  ufed  in  making  brafs  and  other  w 
metallic  mixtures  of  the  like  nature  (253,  k,  l). 

It  is  likewife  ufed  as  a folder,  and  known  by  the 
name  of  Ipelter. 

Regulus  of  antimony  is  of  a filvery  white,  not  x 
fubjeft  to  ruft,  very  brittle,  and  of  a fcaly  or  plated 
texture.  It  melts  foon  after  ignition,  and  by  a 
continuance  of  the  heat  becomes  calcined,  and 
rifes  in  the  form  of  white  fumes.  By  a more 
moderate  heat  it  is  converted  into  a grey  calx, 
fufible  into  a kind  of  glafs. 

The  moft  common  ore  of  this  femi-metal  is  the  y 
fubftance  called  antimony.  It  contains  fulphur  in 
combination  with  the  regulus,  is  of  a dark  biuifh 
metallic  colour,  and  its  fracture  refembles  long 
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fhining  needles.  The  regulus  may  be  obtained  by 
torrefadllon,  by  which  the  fulphur  is  driven  ofF,  and 
fubfequent  fufion  with  inflammable  matters.  In 
the  fmall  way,  four  parts  of  antimony  with  three 
parts  of  tartar  and  one  and  a half  of  nitre  are  thrown 
a little  at  a time  into  a red-hot  crucible,  and  the 
heat  raifed  at  the  end  fo  as  to  fufe  the  mafs.  The 
detonation  confumes  much  of  the  fulphur,  and  the 
phlogiflon  of  the  tartar  revives  a confidcrable  part 
of  the  regulus  which  is  found  at  the  bottom  of  the 
crucible.  Or  antimony  may  be  thrown  on  half 
its  weight  of  fmall  pieces  of  iron  or  nails,  firfl 
made  white  hot  in  a crucible,  and  the  heat  being 
fuddenly  raifed,  after  having  covered  the  crucible, 
the  mafs  melts,  regulus  of  antimony  being  at  the 
bottom,  and  the  iron  combined  with  the  fulphur  at 
the  top. 

2 The  mineral  acids  diflblve  regulus  of  antimony 
difficultly.  The  marine  acid  has  very  little  effed: 
on  it  j but  it  is  foluble  in  a confiderable  degree  in 
an  aqua  regia,  confifting  of  feven  parts  nitrous  and 
•one  marine  acid,  or  in  a mixture  of  the  vitriolic 
and  marine,  or  even  of  the  vitriolic  and  niti'ous 
acids. 

A Much  labour  has  been  bellowed  on  this  femi- 
metal  by  the  alchemifts.  It  furniflies  fome  very 
powerful  remedies,  but  its  medical  preparations 
require  the  greatell  care  and  attention  j becaufe 
variations  apparently  of  fmall  importance  in  the 
procefies  are  fufficient  to  render  its  efleds  uncer- 
tain, and  even  highly  dangerous. 
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Regulus  of  antimony  is-  ufed  in  various  "metallic  b 
mixtures,  for  printing  types,  fpeculums,'&:c. 

The  regulus  of  manganefe  is  a femi-metal  of  a c 
dulky  white  colour  when  nevvly  broken,  which 
grows  brown  by  fpontaneous  calcination  on  expofure 
to  the  air.  It  appears  to  be  lefs  fufible  than  iron, 
the  larger  pieces  being  fcarcely  ever  globular.  It 
is  very  hard  and  brittle,  and  lofes  its  phlogifton  in 
time,  fo  as  to  fall  fometimes  into  a brownilh  black 
powder,  heavier  than  the  regulus  j a circumftance 
which  does  not  happen  when  it  is  inclofed  in  a 
dry,  well  corked  bottle.  Its  powder  is  magnetic. 

Manganefe  is  the  calx  of  this  femi-metal.  Its  0 
colour  is  either  white,  blue,  green,  yellow,  red, 
brown,  or  black,  according  to  its  lefs  or  greater 
depWogiftication  and  the  nature  of  the  fubftances 
it  may  be  contaminated  with,  of  which  calx  of 
iron  is  the  chief.  The  brown  or  black  calx  is  too 
much  dephlogifticatcd  to  be  foluble  in  acids,  and 
attrafts  phlogifton  more  ftrongly  than  any  other 
fubftance,  except  pure  air  and  nitrous  acid. 

If  a globule  of  microcofmic  fait  be  melted  on  a 5 
piece  of  charcoal,  by  means  of  the  blow  pipe,  and 
a fmall  portion  of  the  black  calx  of  manganefe  be 
added,  a glafs  will  be  formed  of  a bluifti  red,  or 
if  the  proportion  of  manganefe  be  greater,  of  a full 
red.  The  tinge  will  however  totally  difappear  if 
the  fufion  be  continued  with  the  interior  or  well 
defined  apex  of  the  flame.  The  brown  or  exterior 
part  of  the  flame  reftores  the  colour.  And  this 
may  be  repeatedly  done.  Tlie  fmallep:  particle  of 
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nitre  added  to  the  clear  glafs  inftantly  reftbres  thtf 
red  colour:  but  vitriolic  falts  contribute  to  dif- 
charge  it,  as  do  likewife  metallic  calces,  though 
thefe  communicate  each  a tinge  peculiar  to  k- 
i^lf. 

The  explanation  of  thefe  fadls  appears  to  be  this : 
the  proper  tinge  communicated  to  glafs  by  calx  of 

• manganefe,  when  highly  dephlogifticated,  is  red; 
but  manganefe  with  a greater  proportion  of  phlo- 
giflon  is  colourlefs.  The  fufion  by  the  interior 
apex  may  be  confidered  as  a fufion  in  a clofe 
veflel,  becaufe  the  furrounding  flame  defends  the 
globule  from  the  contaft  of  the  air  on  the  greater 
part  of  its  furface.  The  phlogifton  it  receives 
from  the  charcoal  is  therefore  retained,  and  pro- 
duces the  effedt  of  rendering  the  globule  tranf- 

• parent.  But  when  the  exterior  flame  is  ufed,  this 
is  not  the  cafe;  for  the  circumambient  air,  touch- 
ing the  globule  in  a much  larger  part  of  its  fur- 
face,  tends  to  dephlogiflicate  it  with  more  energy, 
and  would  carry  off  more  phlogifton  than  the 
fmall  furface  of  conta<51:  between  the  globule  and 
the  charcoal  is  capable  of  fupplying.  The  colour 
therefore  returns.  The  nitrous  acid  in  nitre 
dephlogifticates  the  manganefe.  Vitriolic  falts  are 
decompofed  and  become  fulphureous  by  contact 
of  the  charcoal,  and  thus  convey  phlogifton. 
Metallic  calces,  as  well  by  the  fixed  air  they  con- 
tain- as  by  their  own  nature,  have  more  phlogi- 
fton than  the  calx  of  manganefe,  and  therefore  de- 
ftroy  the  red  colour.  That  thefe  changes  do  not 
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depend  on  the  greater  or  lefs  quantity  of  phlogi* 
lion  that  may  be  fuppofed  to  be  imparted  by  the 
interior  or  exterior  apices  of  the  flame,  is  clear, 
from  the  changes  not  taking  place  when  the  glo- 
bule refts  on  a fupport  of  pure  gold  or  filver. 

The  fame  phenomena  with  fmall  variation  take  o 
place  in  other  glafles.  Hence  a principal  ufe  of. 
manganefe  is  made  by  the  glafs-makers,  in  clearing  t 
their  giafs  from  the  green  tinge  imparted  to  it  by 
calx  of  iron,  from  which  they  cannot  with  fuf- 
ficient  facility  free  the  materials  they  ufe.  The 
green  colour  arifes  from  a calx  of  iron  not  fuffi- 
ciently  dephlogifticated ; manganefe  being  there- 
fore added  in  a certain  dofe,  receives  enough  of 
phlogifbon  to  render  the  giafs  colourlefs,  as  well  by 
l;he  deplilogiftication  of  the  calx  of  iron  as  by  its 
own  phlogiftication.  But  if  the  dofe  be  not  duly 
proportioned,  either  its  own  red  colour  or  the 
green  will  prevail  i the  latter  of  which  is  thought 
to  be  the  befl^ 

A remarkable  effedi;  of  the  ftrong  attradlion  of  h 
the  calx  of  manganefe  for  phlogifton,  is  feen  in  the  • 
ore  called  black  wad,  from  Derbyfliire.  It  is 
a brown  pulverulent  mafs,  and  ufed  as  a pigment. 

If  half  a pound  of  this  be  dried  before  a fire,  and 
afterwards  fuffered  to  cool  for  about  an  hour,  and 
then  two  ounces  of  linfeed  oil  be  gradually  poured 
on  it  and  loofely  mixed,  in  fomewhat  more  than  . 
half  an  hour  the  mixture  will  grow  gradually  hot, 
and  at  lafl:  burft  into  a flame.  This  eifedl  feems 
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to  be  analogous  to  the  inflammation  of  oils  by 
nitrous  acid  (188,  d). 

I The  vitriolic  acid  attacks  the  regulus  of  man- 
ganefe,  and  extricates  inflammable  air.  A fpongy 
fubftance,  of  the  fame  £giire  as  the  regulus,  how- 
ever  remains,  which  is  probably  an  impurity. 

, Alkalis  precipitate  a white  calx  foluble  in  acids. 

K The  black  calx  when  well  calcined  is  fparingly 
taken  up  by  the  vitriolic  acid,  and  this  portion 
feems  to  be  that  which  had  not  been  well  cleared  of 
its  phlogifton  j for  the  remainder  altogether  rejefls 
the  acid.  That  this  calx  is  inlbluble  (23?,  i)  for 
want  of  a due  proportion  of  plogifton,  is  rendered 
clear,  by  adding  fugar,  honey,  or  any  phlogiftic 
fubftance,  as  by  that  means  the  folution  is  pro- 
moted and  completed.  The  metals,  not  excepting 
even  gold  itfelf,  produce  the  fame  effedb. 

L The  nitrous  acid  diffolves  regulus  of  manganefc 
with  elFcrvefcence,  occafioned  by  the  produdtion 
of  nitrous  air.  A fmall  refidue  is  left.  This  acid 
ads  very  Iparingly  on  the  black  calx. 

M The  marine  acid  dilTolves  the  regulus  and  allb 
the  white  calx.  It  likewife  takes  up  the  black  calx, 
which  communicates  to  it  a red  colour,  and  takes 
as  much  phlogifton  from  the  acid  as  is  necefiary  to 
its  folution.  The  dephlogifticated  part  flies  off  in 
yellow  vapours,  fmelling  like  aqua  regia  ( 1 91,  s). 

N Regulus  of  wolfram*  is  a brittle  femi-metal  of 

* The  difeoveries  of  Scheele,  Bergman,  and  the  DeLuyarts 
are  to  be  found  in  “ A Chemical  Analyfis  of  Wolfram,’* 

, printed  in  London  in  the  year  1785. 
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a fte?l  colour.  Its  fpecific  gravity  exceeds  that  of 
every  other  body  in  nature,  except  platina  and 
gold  (i7,  w)i  and  it  has  not  been  fuied  into  any 
mafs  of  confiderable  magnitude,  being  more  re- 

fadtory  than  iron  or  manganefe. 

The  ores  of  this  femi-  metal  are  the  tungften,  a o 
ponderous  fubftance  of  a grey  colour  and  lamellar 
texture,  containing  the  metallic  calx,  or  acid  united 
to  about  its  own  weight  of  calcareous  earth:  and  p 
wolfram,  a mineral  of  a ftill  greater  fpecific  gravity, 
of  a brownifh  black,  always  opake,  internally 
fhining,  almoft  like  a metal,  and  of  a cryflallized 
form.  This  laft  is  only  found  in  tin  mines,  and 
contains  about  two  thirds  calx  of  wolfram,  to- 
gether with  the  black  calx  of  manganefe  and  calx 

of  iron. 

If  pounded  wolfram  or  tungften  be  digefted  m 
the  marine  acid,  the  manganefe  and  iron  of  the 
former,  or  the  calcareous  earth  of  the  latter  will 
be  taken  up  in  part,  or  extraded  from  the  external 
parts  of  the  molecules.  The  refiduum,  after 
edulcoration  with  water,  being  digefted  with  vola- 
tile alkali,  the  wolfram  calx,  or  acid,  will  be 
taken  up  in  part,  or  extraded  from  the  furface. 
The  refidue,  after  edulcoration,  will  be  again 
aded  upon  by  the  marine  acid,  which  feizes  ano- 
ther ftratum  of  particles  that  were  in  the  former 
digeftion  defended  from  its  adion  by  the  wolfram 
calx,  which  the  digeftion  in  volatile  alkali  has  re- 
moved. Volatile  alkali  being  again  applied,  and 
the  alternation  continued  for  many  viciflitu  es, 
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the  mineral  becomes  almoft  entirely  diflblved ; the 
, portions  of  acid  contain  either  the  calces  of  man- 
ganefe  and  iron,  or  calcareous  earth,  according  to 
the  mineral  made  ufe  of;  and  the  volatile  alkali 
contains  the  acid  of  wolfram.  The  addition  of 
nitrous  acid  to  this  laft  precipitates  a fait,  confifting 
of  the  calx  of  wolfram,  volatile  alkali,  and  nitrous 
R acid.  This  fait  is  foluble  in  water,  though  fparingly, 

* and  has  acid  properties.  The  firft  difeoverers, 
Scheele  and  Bergman,  called  it  acid  of  tungften. 
s Fufion  of  the  ore  with  vegetable  alkali,  with 
folution  in  diftilled  water,  will  afford  a folution  of 
the  calx  of  wolfram  in  the  alkali.  This  being 
evaporated  to  drynefs,  may  be  deprived  of  the 
alkali  by  boiling  with  nitrous  acid  and  decanta- 
tion, for  two  or  more  times.  The  adhering  acid 
'•  may  be  driven  off  by  calcination,  .and  leaves  the 
pure  calx  of  a brimftone  yellow.  The  fame  calx 
is  alfo  obtained  by  calcining  die  precipitate 
(280,  r)  from  volatile  alkali,  the  nitrous  acid  and 
the  alkali  being  driven  off. 

T ■ The  pure  calx  is  not  foluble  in  water,  but 
makes,  by  trituration,  an  emulfion  of  fufficient 
fubtlety  to  pafs  the  filtre,  and  wjhich  does  not  en- 
tirely fubfide  in  three  months.  It  has  not  this 
cffe6l  with  the  vitriolic,  nitrous,  and  marine  acids. 
It  is  completely  foluble  in . cauftic  .vegetable  al- 
u kali,  by  the  moift  as  well  as  the  dry  way.  A Ib- 
lution  in  water,- and  alfo  in  volatile  alkali  of  the 
precipitate  by  nitrous  acid,  from  the  volatile  al- 
kali being  added  to  limerwater,  regenerates  umg-^ 
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ften,  the  acid  and  alkali  being  found  in -the  fuperr 
fluent  liquor. 

From  the  ftrong  difpofition  of  the  calx  of  wol-  v 
fram  to  unite  witli  alkalis  and  with  calcareous 
earth,  and  its  infolubility  in  acids,  it  may  properly 
be  confidered  as  a metallic  acid,  though  it  may 
not  be  fufficiently  dephlogifticated  to  exhibit  all 
the  ufual  properties. 

By  treatment  in  a crucible  with  charcoal,  with  v 
a ftrong  heat,  the  calx  of  wolfram  is  revived  into 
a regulus,  being  a brown  mafs,  confiftingofa  con- 
geries of  metallic  globules,  with  a lofs  of  two  fifths 
pf  its  weight.  Calcination  turns  it  yellow  as  before, 
and  its  weight  tjecomes  augmented  about  one 
fourth. 

This  regulus  is  infoluble  in  the  vitriolic  and  w 
marine  acids.  The  nitrous  acid,  and  aqua  regia 
dephlogifticate  it,  and  convert  it  into  the  yellow 
calx  (280,  s).  It  mixes  with  other  metals,  and 
forms  peculiar  alloys.  Its  calces  tinge  glafs. 

iVIoIybdena  is  a mineral  fubftance,  refembling  x 
plumbago,  but  its  laminte  are  larger,  brighter, 
and  in  Ibme  degree  flexible,  fo  as  to  be  very  dif- 
ficultly reduced  to  powder.  In  an  open  fire  it  is 
almoft  entirely  volatile.  It  is  compofed  of  ful- 
phur  combined  with  a metallic  acid.  No  acids 
aft  on  it  but  the  arfenical  and  nitrous.  The  firft 
Combines  with  its  fulphur,  and  forms  orpiment: 
the  latter,  five  times  diftilled  from  it,  carries  off 
the  phlogifton,  and  leaves  the  molybdenous  and 
vitriolic  acids.  'This  laft  acid  may  be  walked  oft* 
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with  water,  which  at  the  fame  time  carries  off  a 
portion  of  the  acid  of  molybdena. 

V This  acid  is  in  a white  dry  form,  very  fparingly 
foluble  in  water.  It  has  all  the  general  proper- 
ties of  acids,  and  others  peculiar  to  itfelf.  It  is 
precipitable  from  its  folution  in  water  by  Pruffian 
alkali,  and  by  galls.  DiftUled  with  three  times 
its  weight  of  fulphur,  it  again  produces  molyb- 
dena. 

2 It  has  been  reduced  into  a metallic  form. 


CHAP.  XX.  * 

CONCERNING  HEPATIC  AND  PHOSPHORIC  AIRS; 
PYROPHORI;  THE  PHOSPHORUS  OF  BOLOGNA, 
OF  BALDWIN,  AND  OF  CANTON;  OILS,  AR- 
DENT SPIRIT  AND  ETHER. 

t 

aTT7HEN  an  acid  is  added  to  any  hepar 
VV  of  fulphur,  whether  the  bafe  be  a fixed 
(176,  r)  or  a volatile  alkali,  or  calcareous  earth, 
part  of  the  fulphur  is  feparated  and  falls  down, 
and  part  receives  a fufficient  portion  of  heat  to 
give  it  the  aerial  form.  This  air  is  called  he- 
patic air.  It  is  fomewhat  heavier  than  at- 
moipheric  air;  is  inflammable  when  mixed  with 
two  thirds  of  common  air;  is  foluble  in  water, 
though  not  permanently  fo : for  the  fulphur  is  gra- 
dually depofited  in  the  courfe  of  a few  weeks.  It 


PHOSPHORIC  AIR,  PYROPHORuf.  aSj 

has  the  properties  of  a weak  acid.  Water  fatu- 
rated  with  this  air  turns  filver  black. 

Phofphorus,  heated  * with  a folution  of  cauftic  b 
fixed  alkali,  affords  air,  in  fome  refpefts  refem- 
bling  fulphureous  hepatic  air.  It  takes  fire  fpon- 
taneoufly  on  communication  with  the  atmofphere. 
Bubbles  of  this  air,  efcaping  through  mercury, 
flame,  crackle,  and  fmell  like  the  eledlric  fpark. 

It  is  flightly  foluble  in  water. 

There  are  many  compofitions  that  take  fire  on  c 
expofure  to  refpirable  air.  They  are  called  pyro- 
phori.  One  of  the  beft  is  thus  made.  Two 
parts  of  burned  alum,  or  alum  kept  in  a red  heat 
till  It  has  ceafed  to  expand  and  fwell  j one  part  of 
charcoal,  and  one  part  of  vegetable  fixed  alkali 
being  mixed  in  powder,  are  to  be  lightly  prefied 
into  the  bowl  of  a tobacco-pipe,  or  a fmall  cru- 
cible, fo  as  to  fill  it  about  half  or  three  fourths ; 
the  remaining  Ipace  is  to  be  filled  with  fine  writing 
fand,  for  the  purpofe  of  preventing  the  immediate 
accefs  of  air.  This  vellel  being  placed  in  a good 
fire,  the  fand  is  agitated  for  a few  minutes  by  the 
efcape  of  elaftic  fluid,  and  fbon  afterwards  a blue 
flame  is  feen  to  iffue  from  the  mafs,  which  con- 
tinues about  a quarter  of  an  hour.  The  red  heat 
being  continued  for  twenty  minutes  or  longer,  after 

• This  experiment  is  dangerous,  from  the  probability  of 
the  veflel  exploding,  and  the  fubreq-uent  inflammation  of  its 
contents.  Small  quantities  of  the  materials  may  probably  be 
managed  without  rilk.  See  Kirwan  on  Hepatic  Air.  'Plxil. 
Tranf.  for  1785. 
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this  appearance  has  ceafed,  the  veffel  may  be  taken 
out  of  the  fire,  and  when  it  is  perfedlly  cool,  the  pyro- 
. phorus  may  be  knocked  out,  and  muft  be  immediately 
put  into  a well  clofed  phial.  A piece  of  this  expofed. 
to  the  air  for  afhort  time,  becomes  ignited,  with  fbme 
flight  appearances  of  deflagration,  and  an  hepatic 
p fmell.  The  particular  or  immediate  caufe  of  the 
accenfion  of  pyrophori  has  not  been  well  ex^ 
plained.  It  feems  as  if  the  phlogiftic  fubftance 
made  ufe  of,  enters  into  the  compofition  of  an 
hepar,  in  which  the  connection  of  the  inflammable 
principle  is  fo  flight,  that  it  can  unite  with  pure 
air  with  fuflicient  rapidity  to  produce  ignition  and 
combullion  (125,  n.) 

It  is  a very  general  property  of  bodies,  after 
expofure  for  a fhort  time  to  light,  to  emit  it  again 
for  fome  time  after  it  ceafes  to  fajl  upon  them, 
as  is  eafily  proved  by  receiving  them  in  a darkened 
room.  Metals  and  water  have  not  this  property*, 
neither  do  ores,  vitriols,  or  oil,  poflTefs  it  in  any 
confiderable  degree.  Other  bodies  poffefs  it  in 
various  degrees.  Heat  caufes  the  light  to  be 
emitted  more  quickly,  and  confequently  witli 
greater  intenfity  while  it  lafts,  but  the  luminous 
appearance  dpes  not  take  place  at  all  by  mere 
r heat  without  previous  expofure  to  light.  It  is 
faid,  that  coloured  light  is  emitted  again  of  the 
fame  colour.  Among  fubflances  that  poffefs 
this  property  in  a remarkable  degree,  the  chief 
are  vitriolated  ponderous  earth,  or  ponderous 
fpar,  previoufiy  ignited  among  charcoal  j called 
f Priellley’s  Optics,  p.  369, 

tlie 


OF  BALDWIN,  AND  6f  CANTON. 

the  Bolognian  phofphorus:  nitrated  calcareous 
earth,  after  ignition;  called  Baldwin’s  phofpho- 
rus; and  calcareous  earth  ignited  witli  fulphur. 
This  laft  is  called  Canton’s  phofphorus,  and  is 
thus  made.  Calcine  oyfter-lhells,  by  keeping  g 
them  in  a good  fire  for  half  an  lK)ur  or  more, 
and  let  the  whiteft  part  be  pulverized  and  fifted. 
With  three  parts  of  this  powder  mix  one  part  of 
flowers  of  fulphur.  Let  the  mixture  be  rammed 
into  a crucible  of  about  one  inch  and  a half  in 
depth,  till  it  be  almofi:  full,  and  let  it  be  placed 
in  the  middle  of  the  fire,  where  it  muft  be  kept- 
red  hot  for  one  hour  at  leaft,  and  then  fet  by  to 
cool.  When  it  is  cold,  turn  it  out,  and  cutting 
it  into  pieces,  ferape  off  or  feledl  upon  trial  the 
brighteft  parts,  which,  if  good,  will  be  a white 
powder,  and  may  be  preferved  in  a dry  phial 
with  a ground  ftopper.  Expofiire  for  a few  fe- 
conds  to  the  light  of  the  day,  will  caufe  it  to  fhine 
in  the  dark ; or  it  may  be  rendered  luminous  by 
an  eleflric  explofion  made  near  it. 

Oils  are  liquids,  in  general  lefs  fluid  than  water,  h 
and  remarkably  lefs  fonorous  when  poured  out. 
When  heated  fo  as  to  fume,  they  are  eafily  fet  on 
fire,  and  burn  with  a luminous  flame.  If  the 
combuftion  be  not  managed  fo  that  refpirable  air 
may  have  fufficient  accefs  to  all  parts  of  the  flame, 
much  fmoke  is  produced.  They  leave  a coal  be- 
hind. 

In  the  combuftion  of  oil,  for  the  oeconornical  i 
purpofe  of  giving  light,  a wick  is  made  ufe  of, 

confifting 
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confifting  of  vegetable  fibres,  ufually  cotton, 
Thefe  being  dipped  in  the  oil,  one  end  of  the  wick 
made  to  protrude,  and  is  fet  on  fire.  The  ca- 
pillary attraction  (i,  46,  w)  fupplies  more  oil, 
accordingly  as  that  in  the  heated  part  of  the  wick 
is  carried  off  by  the  rarefaClion  and  combuftion. 
If  the  wick  be  too  large,  the  internal  part  of  the 
flame  will  want  air  j if  it  be  too  long,  more  oil 
will  iffue  out  of  its  pores  in  vapor  than  can  be 
completely  burned.  In  either  cafe  fmoke  will  be 
produced.  But  by  a due  attention  to  the  figure 
and  magnitude  of  the  wick  and  the  fupply  of  air, 
a bright  flame  may  be  produced  without  fmoke. 
Tiiis  is  done  in  the  excellent  lamp  of  Argand. 

K Oils  afford  phlogifton,  aerial  acid,  and  water. 
They  are  diftinguilhed  into  the  unguinoufi  and  ef- 
fential.  The  former  are  infipid,  and  without 
finell,  not  foluble  in  ardent  fpirit,  nor  volatile  in 
the  heat  of  boiling  water.  Acid  of  fugar  has 
been  obtained  from  them.  The  latter  have  a 

V 

flrorig  fmell  and  taile,  are  foluble  in  ardent  fpirit, 
and  volatile  in  the  heat  of  boiling  water.  Animal 
fats  refemble  unguinous  oils,  excepting  the  oil 
obtained  by  diffillation  from  the  gelatinous  fub- 
ftance  of  animals.  This  may  be  brought  to  rc- 
femble  ether  by  repeated  diftillations.  Refins  are 
of  the  nature  of  effential  oils. 

L Spirit  of  wine,  or  ardent  fpirit,  is  obtained  by 
diftillation  from  fubflances  that  have  undergone 
the  vinous  fermentation  (212,  f,  h),  and  are  not 
arrived  at  the  acetous.  When  well  concentrated. 
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it  is  very  volatile  and  fluid,  has  never  yet  been  con- 
gealed, mixes  with  water  in  all  proportions,  and 
with  an  affinity  fufficiently  powerful  to  take  it 
from  mofl;  faline  fubftances  j highly  inflammable, 
fo  as  to  burn  without  a wick,  even  when  cold,  and 
produces  neither  foot  or  coal.  Its  flame  is  bluifh, 
and  not  very  luminous. 

It  affords  phlogifton  and  water,  which  are  pro-  m 
bably  united  by  foine  acid. 

Ardent  fpirit  unites  with  aicids,  and  renders  n 
them  milder  than  can  be  fuppofed  to  arife  from 
mere  dilution. 

If  vitriolic  acid  be  added  to  fpirit  of  wine,  and  o 
the  mixture  fubmitted  to  diftillation,  the  products 
are  firft  a very  pure  fpirit  of  wine,  next  a liquor 
called  vitriolic  ether,  and,  laftly,  an  oil.  In  this 
procefs  it  appears,  that  the  action  or  combination 
of  the  acid  is  capable  of  converting  the  fpirit  into 
oil,  and  that  ether  is  an  intermediate  fubflance  be- 
tween fpirit  and  oil. 

Ether  is  foluble  in  ten  times  its  weight  of  water,  p 
It  is  extremely  light  (r8,  w),  and  fo  volatile, 
as  to  convert  water  into  ice  in  a warm  room,  if 
the  water  be  included  in  a fmall  bottle,  or  tube, 
conftantly  wetted  on  the  outfide  with  this  fluid 
(123,  k).  It  is  highly  inflammable,  burning  wit^i 
a white  luminous  flame,  and  fome  appearance  of 
foot,  but  leaves  no  coal. 

Ethers  may  be  made  with  other  acids  as  well  as  o. 
the  vitriolic. 
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Of  Magtictlfm 


CHAP.  I. 


eONCERNING  MAGNETISM;  THE  METHODS  Of 
COMMUNICATING  IT,  AND  THE  VARIATION 
OF  THE  COMPASS. 

HAT  remarkable  property  which  iron 


poffeffes,  of  becoming  magnetical,  feems 
to  (land  alone  among  ^natural  phenomena.  It  is 
the  only  inftance  of  permanent  attradtion  which 
is  fufficiently  ftrong  to  become  the  obje^l  of  vul- 
gar attention ; and  philofophers  obferve  its  effedls 
with  furprize  and  admiration,  while  the  moft  cau- 
tious and  rational  are  obliged  to  confefs  that  the 
caufe  is  entirely  unknown. 

B A ftrait  bar  of  iron,  which  in  the  northern 
parts  of  the  world  has  flood  a long  time  in  a ver- 
tical pofition,  is  found  to  have  acquired  the  pro- 
perty of  attra6ling  other  iron  at  its  extremities; 
and,  if  fupported  in  a velTel,  fo  as  to  float  at  li- 
berty upon  water,  conforms  itfelf  to  a diredlion 
nearly  in  the  plane  of  the  meridian ; the  end. 
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which  during  its  perpendicular  fituation  was  dow^n- 
wards,  always  pointing  towards  the  North.  This 
bar  is  faid  tc  be  m„gnetical ; and  the  unknown 
caiile  of  thefe  and  other  concomitant  effe(fls  is  cal- 
led magnetifm. 

Magnetifm  may  be  given  to  iron,  or  rather  fteel, 
by  many  methods.  The  difpofition  to  conform 
to  the  plane  of  the  meridian  is  called  polarity,  and 
is  of  fuch  importance  in  its  application,  that  the 
modern  art  of  navigation  could  not  be  pradifed 
without  it.  The  mariner’s  compafs  is  thus  con- 
ftrudled.  A flat  thin  bar  of  fteel,  rendered  magne- 
tical,  is  faftened  underneath  a circular  card,  di- 
vided into  points  (56,  k),  fo  that  the  direflion  of 
its  length  may  correfpond  wnth  the  line  ns  (fig. 
132.)  This  bar  is  perforated  in  the  middle ; and 
in  the  perforation  is  fixed  a brafs  cap,  hollowed 
outx:onically,  which  confequently  is  in  the  center 
of  the  card.  The  card"  thus  provided  wnth  a 
magnetical  bar,  is  then  fupported  horizontally,  by 
placing  the  cavity  of  the  cap  on  an  upright  me- 
tallic point,  and  is  therefore  at  liberty  to  revolve 
into  any  horizontal  pofition.  But  the  bar,  which 
is  ufually  termed  the  needle,  conforming  itfelf  to 
the  meridian,  caufes  the  fleur  de  lis  of  the  card 
to  point  to  the  North ; conlequently,  the  other 
divifions  muft  denote  the  refpeflive  bearings  of 
the  points  of  the  compafs.  This  card  being  thus 
lufpended  in  a hollow  box,  and  defended  from 
the  wind  by  a pane  of  glafs,  with  the  addition  of 
a contrivance  to  prevent  the  effects  of  the  agita- 
VoL.  II.  U 
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tion  of  the  fhip,  is  the  mariner’s  compafsj  by 
the  help  of  which,  veffels  are  enabled  to  fteer 
their  coiirfe  with  fafety  in  the  darkeft  nig^ht,  and 
at  any  diftance  from  Ihore. 

o In  the  examination  of  the  magnetifm  of  various 
bodies,  as,  for  example,  platina  ( 240,  b ) or 
nickel,  it  may  be  of  importance  to  know  the  de- 
grees of  magnetifm  as  difcoverable  by  experi- 
ment; which  are  the  following.  The  weakeft  is 
when  a body  floating  on  water  flowly  follows  a 
flrong  magnet,  held  almofl;  touching  it ; the  next 
is  when  the  magnet  can  repel  as  well  as  attradl 
the  body  j a ftili  flronger  degree  is,  when  the 
body  conforms  its  pofition  to  that  of  the  magnet 
held  over  it ; the  fifth  is,  when  the  body  left  to 
itfelf  alTumes  a particular  pofition,  and  returns  to 
it  when  difturbed ; the  fixth  is,  when  the  body, 
taken  out  of  the  water,  and  brought  near  a light 
compafs  needle,  caufes  it  to  deviate  from  the 
magnetic  meridian.  All  flronger  degrees  of  mag- 
netifm may  be  obferved  by  lefs  delicate  methods. 

2 The  ends  of  a Ample  magnetical  bar  are 
called  its  poles;  and  that  pole,  which,  when 
at  liberty,  would  point  to  the  North  is  cal- 
led the  North-pole,  and  the  other  is  called  the 
Soutl)-pole. 

F Univerfally,  in  two  magnetical  bodies  or  mag- 
nets, an  attradlive  force  obtains  between  the  North- 
pole  of  one,  and  the  South-pole  of  the  other,  and 
a repulfive  force  obtains  between  poles  of  the  fame 
name.  But  the  repulfive  force  which  cxifls  be- 
• ' tween 
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tween  poles  of  like  names,  but  unequal  power, 
is  changed  into  attraftion,  when  the  diftance 
is  fufficicntly  fmall.  From  thefe  criterions  it  is 
eafy  to  determine  the  names  of  the  poles  of  a 
mkgnetical  bar,  by  applying  it  near  the  fufpended 
magnet,  wliofe  poles  are  known. 

If  a bar  of  iron,  which  is  not  magnetical,  be  g 
held  in  a vertical  pofition,  in  North  latitudes  its  - 
lower  point  becomes  a North,  and  its  upper  a 
Soutiipokj  and  thefe  poles  may  be  reverfed  in- 
ftantly,  and  as  often  as  required,  by  reverling  the 
pofition  of  the  ends  j for  the  lower  will  always  be 
North,  and  the  upper  South,  But  a few  ftrokes 
with  a hammer  at  the  upper  end,  will  fix  ,the 
poles  in  their  laft  pofition,  fo  that,  after  the  re- 
verfing  it,  the  hammered  end  will  ftill  continue  to 
be  fouth,  -though  loweft.  Yet,  the  magnetical 
power  is  much  the  greateft  when  the  hammered 
end  is  uppermoft,  and  the  effeft  of  the  hammering 
difappears  in  a few  hours. 

A bar  of  iron  being  fufpended  on  an  axis,  in  a h 
very  nice  equilibrium,  the  North  end  preponde- 
rates when  the  bar  is  rendered  magnetical,  fo  that 
It  becomes  inclined  to  the  horizon,  in  an  angle  of 
about  feventy  degrees  in  thefe  latitudes.  This  is 
called  the  dip,  and  decreafes  in  places  more  to  the 
fouthward,  and  even  becomes  inverted  in  places 
fituated  confiderably  on  the  other  fide  of  the  equa- 
tor. The  bar  thus  fufpended  is  termed  the  dip- 
ping-needle, 

U 2 


Magnetifm 


THE  ^fAGNETIC  TOUCH. 


•292 

Magnetifm  may  be  given  to  a bar  of  iron,  by 
placing  it  firm  in  the  pofition  of  the  dipping- 
needle,  and  rubbing  it  hard  all  one  way  with  a 
polilhed  fteel  inftrqment.  Iron  alfo  becomes  mag- 
netical  by  ignition,  and  quenching  it  in  water,  in 
the  pofition  of  the  dipping-needle. 

The  touch  of  a magnet  communicates  the  like 
virtue  to  other  iron,  but  the  quantity  or  degree 
which  the  fame  magnet  can  communicate,  de- 
pends greatly  upon  the  manner  in  which  the  touch 
is  performed.  If  two  equal,  ftrait  and  uniform 
magnetical  bars,  with  fiat  ends,  be  placed  to- 
gether endwife,  the  contrary  poles  toucliing  each 
other,  they  will  form  one  fingle  magnet,  and  will 
communicate  a firong  degree  of  magnetifm  to 
another  bar  by  the  following  procefs  : let  the  laft 
mentioned  bar  be  laid  in  the  direftion  of  the 
magnetical  meridian,  and  let  the  others,  each  of 
which  ought  to  be  at  leaft  as  long  as  the  bar  to 
be  impregnated,  be  laid  upon  it  in  their  conjoined 
ftate,  fo  that  the  place  of  junftion  may  be  over 
the  middle  of  its  length,  and  their  poles  in  the 
proper  diredtion.  Then  feparate  the  two  magnets, 
by  drawing  them  afunder  along  the  furface  of  the 
bar,  and  continue  to  feparate  them  till  their  ends 
are  at  a confiderable  diftance  from  its  ends.  Join 
them  again,  without  altering  the  fituation  of  their 
poles,  by  a circular  motion  of  the  hand,  fo  that 
they  may  meet  at  fome  diftance  above  the  center 
of  the  bar,  and  lay  them  again  upon  it  as  before. 
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Repeat  this  operation  on  both  fides  of  the  bar  till 
it  has  acquired  a fufficient  degree  of  magnetifin. 
The  maximum  is  generally  obtained  after  twelve 
or  fourteen  ftrokes. 

A bar  of  iron  receives  the  touch  more  ftrongly  l 
when  it  is  fupported  by,  or  in  contad  with,  an- 
other much  larger  j and  a combination  of  magne- 
tical  bars  will  produce  a much  greater  elFedt  than 
a fmgle  one.  Soft  fteel  acquires  the  magnet! cal 
power  more  readily,  but  does  not  prefer ve  it  fo 
long  as  hard  fteel.  On  thefe,  and  other  confide- 
rations,  experiments  have  been  multiplied,  and 
various  methods  invented  of  giving  to  fteel  the 
utmoft  degree  of  magnetifm  it  is  capable  of  re- 
ceiving. For  example,  fix  bars  of  fteel  may  be  m 
rendered  flightly  magnetical,  by  affixing  each  fuc- 
ceffively  to  a poker,  and  ftroking  it  fcveral  times 
from  bottom  to  top  with  the  lower  end  of  an  old 
pair  of  tongs  j care  being  taken  to  keep  both  the 
poker  and  tongs  in  a vertical  pofition.  For,  thefe 
utenfils,  by  long  ftanding  in  a vertical  pofition, 
are  almoft  always  poftefled  of  a fixed  magnetifm  j 
the  lower  ends  being  North  poles.  Now,  if  four 
of  the  fix  bars  be  united  into  a thick  compound 
bar,  the  magnetifm  of  the  remaining  two  may  be 
greatly  increafed  by  touching  with  it.  Thefe  two 
bars  may  then  be  fubftituted  in  the  room  of  the 
two  outermoft  in  the  compound  bar,  which  will 
become  more  powerful  by  the  exchange,  and  the 
two,  which  were  taken  from  the  compound  bar, 
may  be  touched  in  their  turn.  Thus,  by  reiterated 
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changes,  and  touching,  the  bars  will  at  lengtli 
acquire  as  much  magnetifm  as  they  are  fufceptible 
of,  and  more  than  they  can  retain  for  any  long  time. 

N The  force  of  magnetifm  is  exerted  through  all 
fubftances,  iron  excepted,  and  it  has  not  been  ob- 
ferved,  that  it  fuffers  the  leaft  diminution  by  the 
interpoficion  of  any  foreign  matter.  Magnetifm 
is  deftroyed  by  ignition  ; and  a heated  bar  of  iron 
is  not  attracted  by  the  magnet  till  it  is  juft  upon 
the  point  of  lofing  its  rednefs.  • 

o The  loadftone'  is  a ponderous  ore  of  iron, 

t 

ufually  of  a dirty  black  color,  and  hard  enough 
to  emit  Iparks  with  fteel.  It  is  found  in  moft 
parts  of  the  world,  and  poflefles  a natural  mag- 
hetifm,  acquired  moft  probably  from  its  fituatioh 
or  pofition  with  refpedl  to  the  earth.  This  mag- 
netifm may  be,  as  it  were,  concentrated,  and 
made  to  adl;  much  more  ftrongly  by  covering  itg 
polar  extremities  with  fteel.  The  fteel  thus  ap- 
plied is  termed  the  armour  of  the  loadftone,  and 
requires  fome  management,  as  to  figure  and  thick- 
nefs,  to  produce  the  greateft  pofiible  efFefl.  For- 
merly all  magnetifm  was  originally  obtained  by 
communication  from  the  loadftone,  but  the  power 
of  impregnated  fteel-bars  fo  much  exceeds  that 
of  the  natural  ftone,  that  this  latter  is  little  efteem- 
ed,  except  as  an  obje6t  of  curiofity.  The  mag- 
netifm of  the  loadftone  is  in  all  refpedts  fimilar  to 
that  of  a bar  of  iron  or  fteel. 

p The  attradion  or  rcpulfion  of  two  magnets  de- 
creafes  as  the  diftancc  increafes,  but  not  according 

to 
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to  any  ratio  of  the  diftance.  On  this  account  a 
magnetical  bar,  which  is  at  liberty  to  aflume  any 
horizontal  pofition,  asj  for  example,  a needle 
floated  on  water  by  means  of  cork,  or  the  needle 
of  a mariner’s  compafs,  being  brought  into  the 
vicinity  of  another  magnet,  will  afliim.e  fuch  a fi- 
tuation  as  (hall  conform  to  the  attraftive  and  re- 
pulfive  powers  as  much  as  poflible.  Thus,  if  a 
fufpended  magnetical  needle  be  brought  near  an- 
other magnet,  it  will  place  itfelf  in  a pofition  pa- 
rallel to  the  axis  of  the  magnet,  if  the  poles  of 
contrary  names  in  each  be  mutually  equidiftant ; 
but  if  the  North  pole  of  the  fufpended  needle  be 
nearer  the  South  pole  of  the  magnet  than  the  two 
other  poles  are  to  each  other,  its  North  end  will 
be  moft  attrafted,  and  confequently  muft  incline, 
fo  that  the  axes  of  the  two  magnets  will  form  an 
angle  greater  or  lefs,  according  to  circumftances. 
Suppofe  now  a fmall  magnetical  bar,  fufpended  fo  (>^ 
as  to  be  capable  of  affuming  any.  pofition  what- 
foever,  be  placed  upon,  or  near  the  furface  of  a 
very  large  globular  magnet.  It  is  evident,  in  this 
cafe,  that  the  two  ends  of  the  fmall  bar,  being  re- 
fpeftively  attradted  by  the  contrary  poles  of  the 
globe,  will  always  be  found  in  a plane  pafTing 
through  thofe  poles  : or,  in  other  words,  if  circles 
or  meridians  be  fuppofed  to  be  deferibed  on  the 
globe,  interfering  each  other  in  thofe  poles,  the 
magnetical  bar  muft  always  be  in  the  plane  oi  one 
of  them.  But  its  fituation,  with  regard  to  the 

fpherical  furface,  will  be  governed  by  the  excels  of 
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attxaftlon  in  the  nearcft  poie.  If  the  bar  be 
folpendcd  immediately  over  die  North  pole  of  the 
magnet,  it  muft  Hand  perpendicularly,  with  its 
South  end  downwards  3 but  if  it  be  gradually  re- 
moved along  the  furface,  towards  the  South  pole, 
the  increafing  addon  of  this  laft  pole  will  caufe  it 
gradually  to  incline  that  way.  At  the  equator  it 
will  reft  parallel  to  the  furface  i and  in  approach- 
ing ftill  nearer  the  laft  mentioned  pole,  its  North 
end  will  incline  towards  the  furface,  till  at  length 
it  will  ftand  perpendicularly  over  the  South  pole 
of  the  great  magnet,  with  its  North  end  down- 
wards. For  the  lake  of  concifenefs,  the  poles  of 
the  great  magnet  are  fuppofed  to  be  equally  ftrongj 
which,  how'cver,  is  feldcm  the  cafe. 

51  This  reafoning  may  be  exemplified  by  placing  a 
fmall  piece  of  fev,^ing-needie  on  the  furface  of  a 
fpherical  magnet  or  loadftone.  Its  pofition  is 
found  to  vary  according  to  its  fituation  with  re- 
fpedt  to  the  poles.  For  the  fame  reafons,  ftcel- 
filings,  gently  drifted  through  a rag  upon  a magnet, 
adhere  to  it  in  a very,  curious  and  amufing  man- 
ner. The  filings,  acquiring  magnetifm  by  the 
contarf,  adhere  together,  and  form  a number  of 
fmall  magnets,  which  arrange  thcrnfelves  in  con- 
formity to  the  attradlions  of  the  poles  of  the  ori- 
ginal magnet. 

S From  obfervations  of  this  nature,  it  was  very 
early  fuppofed,  that  the  globe  of  the  Earth  adts  as 
a large  magnet,  upon  all  otiier  magnets : whence 
they  naturally  tend  to  conform  to  the  meridian  or 
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line  which  joins  the  poles  of  the  Earth.  And  the  t 
dipping  of  the  needle  is  readily  fhewn  to  arife  from 
the  vicinity,  and  coiifequent  ftronger  attraftion  of 
the  pole  towards  which  the  inclination  is  made. 
The  needle  of  the  mariner’s  compafs  varies  from  u 
the  true  dire6lion  of  North  and  South.  The  angle 
formed  between  the  magnetical  axis  of  the  needle 
and  the  meridian  of  a given  place  is  called  the  va- 
riation of  the  compafs,  and  differs  in  different 
places  both  in  quantity  and  direftion  of  the  needle. 
From  the  phenomena  of  the  variation  it  is  proved, 
that  the  magnetic  poles  of  the  Earth  muff  be  more 
in  number  than  two,  and  that  they  do  not  coin- 
cide with  the  poles  about  which  the  diurnal  rota- 
tion is  performed. 

The  variation  of  the  compafs  does  not  continue  v 
fixed  and  unalterable  at  a given  place.  Thus,  at 
the  Cape  of  Good  Hope  in  Africa,  near  which,  at 
its  firft  difcovery  by  the  Portuguefe,  there  was  no 
variation!  the  North  point  of  the  compafs,  in 
1622,  varied  about  2°.  to  the  weftward  : in  1675, 
it  varied  8®.  W.  in  1700,  about  11°.  W.  in  1756, 
about  18*^.  W.  and  in  1774,  about  21'".  W, 
Regular,  though  very  different  mutations  have 
been  obferved  in  almoff  every  other  place  on  the 
globe.  The  needle  of  the  compafs  is  likewifc  fub- 
jedl  to  a fmall  diurnal  change  of  pofition,  and 
is  fometimes  confiderably  agitated  during  the  ap- 
pearance of  the  aurora  borealis. 

The  obfervations  which  relate  to  the  magnetifm  w 

of  the  Earth  have  not  been  continued  long  enough 
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* to  afford  a foundation  for  a good  theory.  Dr, 
Halley's  hypothefis,  though  formed  near  a cen- 
tury ago,  ftill  poffeffes  as  great  a fliare  of  pro- 

X bability  as  moft  that  have  been  offered  fince.  He 
fuppofes  the  Earth  to  confift  of  two  diftinft  parts, 
an  external  Ihell,  or  hollow  Iphere,  and  an  in- 
ternal nucleus  or  globe,  loofe  and  detached  in  the 
cavity,  having  the  fame  center  of  gravity  with 
the  external  part.  Each  of  thefe  parts  he  regards 
as  a feparate  magnet,  endued  with  two  poles, 
their  magnetical  axes  not  being  coincident.  A 
compafs-needle  on  the  external  furface  muff  there- 
fore be  a61;ed  upon,  as  if  by  a magnet  with  four 
poles.  From  the  phenomena  he  determines  the 
fituation  of  the  feveral  poles;  and  thus  explains 
the  variation.  But  as  the  variation  changes  in 
procefs  of  time  at  any  given  place,  it  follows, 
that  thefe  poles  do  not  keep  the  fame  pofition 
with  refpeft*  to  the  furface  of  the  Earth,  and  to 
each  other.  This  movement  he  accounts  for,  by 
fuppofing  that  the  diurnal  motion  of  the  Earth 
was  impreffed  from  wn’thout,  and  that  the  velocity 
of  the  internal  part,  or  nucleus,  is  fom.ewhat  lefs 
than  that  of  the  external  part,  or  fliell.  Confe- 
quently  the  nucleus  mull  feem  to  revolve  (lowly 
to  the  weftward,  and  its  poles  muft  defcribe  leffer 
circles  about  the  poles  of  the  Earth.  And  as  the 
relative  pofition  of  the  four  magnetical  poles  to 
each  other,  and  to  the  poles  of  the  Earth,  is 
changed,  fo  muft  likewife  the  direction  of  the 
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needle,  or  the  angle  it  makes  with  the  meridian, 
be  altered. 

Thus,  a kind  of  regularity  prevails  in  the  in-  y 
creafe  and  decreafe  of  the  variation,  and  allb  the 
direftion  of  the  variation  which  Ihips  obferve  as 
they  fail  to  various  parts  of  the  ocean.  In  the 
Atlantic  ocean  to  the  North,  and  call  ward,  and 
all  over  the  Indian  ocean,  except  in  the  bay  of 
Bengal,  a wefterly  variation  obtains  j but  to  the 
weftward  of  a certain  line,  at  which  there  is  no 
variation,  all  along  the  coaft  of  South  America, 
and  in  the  Pacific  ocean,  as  far  as  the  140th  de- 
gree of  weft  longitude,  an  eafterly  variation  is  ob- 
ferved  3 and  in  the  whole  Pacific  ocean  befides, 
the  variation  is  probably  to  the  v/eft,  unlefs  it 
may  be  conjectured  that  an  eafterly  variation 
may  be  found  in  the  regions  to  the  northward. 

I 

When  the  variation  changes  quickly  in  running  z 
upon  a parallel,  as  is  the  cafe  in  the  fouthcrn  At- 
lantic, and  great  part  of  the  Indian  ocean,  the 
Jongitude  may  be  determined  with  a confiderable 
decree  of  correcflnefs  at  fea.  For  the  mas-netic 
azimuth  of  the  Sun  may  be  eafily  obferved  in  mo- 
derate weather  to  the  certainty  of  a lefs  error  than 
ten  minutes  of  a degree;  which  in  the  fouthern 
Atlantic  ocean  anfwers  to  about  twice  that  quan- 
tity in  longitude.  By  comparing  the  obferved 
variation  with  a chart,  the  longitude  may  be 
known.  The  principal  impediment  in  the  way  of 
this  method  is,  the  want  of  fuch  a chart  occafion- 

• - i « . I 

4lly  renewed. 
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A The  beft  modern  opinion  concerning  the  caufc 
of  the  change  of  variation  of  the  compafs  is  this. 
From  the  magnetifm  of  the  Earth  as  well  as  from 
the  produds  ejeded  by  volcanos  (227,  f),  it  is 
eftablilhed  that  vaft  quantities  of  iron  exift  in  the 
bowels  of  the  Earth  in  various  Hates.  The  fame 
volcanic  eruptions,  and  the  phenomena  accom- 
panying them,  likewife  Ihew  that  chemical  pro- 
ceffes,  on  a fcale  of  prodigious  magnitude,  are 
continually  carried  on  in  thofe  regions.  The  fer- 
ruginous combinations  being  varied  by  thefe,  it 
mult  happen  that  immenfe  maffes  will  be  either 
more  or  lefs  phlogifticated,  according  to  the  na- 
ture of  the  procefs  by  which  fuch  change  is  made. 
Now  it  is  well  known  that  iron  and  its  combina- 
tions are  more  fufceptible  of  magnetifm  the  nearer 
the  metal  approaches  to  the  reguline  Hate ; and 
confequently  the  properties  of  the  whole  terreftrial 
magnet  muft  change  accordingly. 
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9 I 

Concerning  Eledricity. 


CHAP.  I. 

OF  THE  ELECTRIC  MATTER;  AND  THE  METHODS 
AND  APPARATUS  FOR  MAKING  EXPERIMENTS 
WITH  IT. 

J F a tube  of  glafs,  an  inch  and  half  in  diameter  a 
and  about  three  feet  long,  be  rubbed,  by  re- 
peatedly drawing  the  hand  or  a piece  of  leather 
from  one  end  to  the  other,  it  will  become  elec- 
tric. So  that  fmall  flafhes  of  divergent  flame,  ra- 
mified fbmewhat  like  trees  bare  of  leaves,  will  dart 
into  the  air,  from  many  parts  of  the  furface  of  the 
tube,  to  the  diftance  of  fix  or  eight  inches,  attended 
with  a crackling  noife;  and  fometimes  fparks  of 
more  than  a foot  in  length  will  fly  along  the  tube 
to  the  rubber.  This  luminous  matter  is  called 
eleflricity,  or  the  eleftric  matter,  and  will  fly  from 
the  tube  to  other  bodies  brought  within  a certain 
diftance. 
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fe  If  a homogeneous  body  be  prefented  to  the  ex- 
cited tube,  fo  as  to  receive  elecfiricity  from  it,  and 
the  ele£lricity  remain  at  or  near  the  end  or  part 
prefented,  without  being  communicated  to  the  reft 
of  the  body,  it  is  called  a non-condu(ftor  or  elec- 
c trie.  But  if,  on  the  contrarj’’,  the  eledlricity  be  thus 
communicated  to  every  part,  the  body  is  called  a 
D condudtor,  or  non-eleftric.  In  the  ufu’al  tempe- 
rature of  the  atmofphere,  metallic  fubftances,  char- 
coal, and  water  are  condudlors;  moft  odier  bodies 
are  non-condu6tors. 

E A conductor  cannot  be  eleflrified  while  it  com- 
municates with  the  earth,  either  by  direct  contact: 
or  by  the  interpofition  of  other  condudlors,  becaufc 
the  cledlricity  is  immediately  conveyed  away  to 
F the  earth.  But  if  a conduftor  be  fupported  by  an 
eledlric,  fo  as  not  to  communicate  with  the  earth, 
it  is  faid  to  be  infulated. 

G The  greateft  quantity  of  eledricity  is  colleded 
on  the  furface  of  a non-condu<5tor,  when  it  is  rub- 
bed by  a conducting  fubftance.  If  the  rubber  be 
infulated,  it  will  alfo  be  put  into  an  ele<5tric  ftate, 
fo  that  fparks  will  pafs  between  it  and  other  neigh- 
bouring bodies. 

H If  an  infulated  condudlor  be  eledrified,  either  by 
fridion,  communication,  (302,  b)  or  otherwife,  it 
will  be  deprived  of  its  eledlric  ftate  by  the  drawing 
of  a fingle  fpark  from  any  part  tliereof  by  another 
uninfulated  condudor,  becaiife  of  the  facility  with 
which  the  eledric  matter  is  conveyed  through  its 
fubftance.  But  non-condudors,  fimilarly  treated. 
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are  deprived  of  their  eleftric  ftate  only  in  the 
vicinity  of  the  place  from  which  the  fpark  was 
drawn. 

A mutual  attraftion  is  exerted  between  a body  i 
in  a ftate  of  eledtricity,  and  other  non-ele<ftrified 
bodies,  which  laft,  if  not  large  and  heavy,  will  fly 
through  the  air  to  the  elccftrified  body,  where  they 
remain  till  they  have,  by  communication,  acquired 
the  fame  ftate,  when  they  are  repelled.  If  an  un- 
infulated  conduftor  be  at  hand,  it  wall  attradl 
the  fmall  body  thus  eleftrified,  and  deprive  it  of 
its  ele6tric  ftate.  So  that  it  will  be  again  attradfed 
by  the  eledfrified  body,  and  repelled  as  before,  and 
will  continue  to  pafs  and  repafs  between  the  two 
for  many  vicifTitudes,  till  the  eledtric  ftate  is  en- 
tirely deftroyed. 

No  experiments  have  yet  been  made,  that  fhew  k. 
wherein  the  difference  between  eledlrics  and  non- 
eledtrics  confifts : but  whatever  the  condudling 
power  may  depend  on,  it  feems  to  be  governed  by 
the  heat  of  the  body : glafs,  refin,  baked  wood, 
air,  and  many  other  non-condudtors,  are  conduc- 
tors when  made  very  hot ; and,  on  the  contrary, 
ice  cooled  to  13°  below  o,  on  Fahrenheit’s  fcale, 
becomes  a non-condudlor,  or  eledlric  body. 

There  is  therefore  fome  ground  to  conjedfure  l 
that  the  difpofition  to  condudl  eledtricity  is  pro- 
duced in  metals  by  a very  low  degree  of  heat,  in 
water  by  a greater,  and  in  reftns  and  glafs  by  de- 
grees ftill  greater ; or  generally  that  there  is  a cer- 
tain degree  of  heat  at  which  a given  body  may  be 
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at  the  medium  between  perfedl  conducing,  and 
non -conducing,  above  which  degree  it  becomes  a 

,M  condu6lor,  and  beneath,  a non-condu6lor.  If  tins 
be  true,  it  will  follow,  that  conduftors  are  bodies 
whofe  eleftric  or  non-condiiding  ftate  is  placed 
at  a temperature  far  below  that  which  is  ufuai  in 
the  atmofphere,  and  that  non-condu6lors  are  thofe 
whofe  conducing  (late  is  placed  at  a degree  of 
heat  far  above  the  mean  temperature. 

N That  ekftricity  is  real  matter,  and  not  a mere 
property,  feems  to  be  evident  from  a variety  of  cir- 
cumftances.  When  it  pafles  between  bodies,  it 
divides  the  air,  and  puts  it  into  thofe  undulations 
(65,  n)  in  which  found  confifts.  It  emirs  the  rays  of 
light  in  every  direction,  and  thofe  rays  are  varioufly 
refrangible,  and  colorific,  as  other  light  is.  And 
if  light  be  acknowledged  to  be  matter,  it  is  con- 
trary to  reafon  and  experience  to  fuppofe,  that 
the  thing  which  emits  it  fhould  not  likewife  be 
material.  Neither  are  the  other  fenfes  unaffe61:ed 
at  its  prefence  j its  fmell  is  ftrongly  phofphoreal 
or  fulphureous,  fo  that  when  the  air  of  a room  is 
rendered  highly  eleftric,  many  perfons  have  com- 
plained of  an  unufual  and  difagreeable  fenfation 
in  the  head  from  that  caiife.  The  fenfe  of  feeling 
is  a witnefs  of  its  prefence,  not  only  from  the 
fparks,  which,  when  received  from  the  condudbor 
of  a powerful  machine,  are  very  pungent,  and 
will  pafs  through  two  or  three  perfons  ftanding  on 
the  ground,  but  alfo  from  the  fhock,  whofe  effedls 
are  to  be  deferibed  : and  a ftream  of  the  eledtric 
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matter  received  on  the  tongue  has  an  evidently 
lubacid  tafte,  which  remains  ibme  little  time  after. 

As  the  exciting  a tube  is  very  laborious  for  the  o 
operator,  and  the  eleftricity  procured  by  that  means 
is  fmall  in  quantity,  globes  or  cylinders  are  much 
more  ufed.  Thefe,  by  a proper  apparatus,  are 
made  to  revolve  on  their  axes  after  the  manner  of 
a grindftone,  and  a rubber  of  leather  is  applied  to 
the  equatorial  parts  of  the  revolving  glafs,  which 
become  eleftrical  by  the  fridtion.  The  eledlricity 
of  the  globe  is  received  by  a metallic  condudlor, 
initiated  by  a glafs-foot,  or  fnpporter.  This  con- 
•dudbor  being  conftantly  eledlirified,  and  at  the 
lame  time  Heady  and  inotionlefs^  is  much  better 
adapted  for  making  experiments  than  the  globe 
itfelf. 

A cylinder  or  globe  thus  fitted  up  to  revolve  oh  p 
’ its  axis,  and  provided  with  a rubber  and  an  in- 
filiated  condudlor,  is  called  an  eledbrical  machine. 
The  contrivances  for  the  revolution  of  the  cylin- 
der or  globe  vary  in  different  machines,  as  like- 
wife  the  method  of  infulating  the  condudbor.  The 
condudbor  is  in  general  fupported  by  a Hick  of 
varniflied  glafs  or  baked  wood,  and  fometimes  it  is 
lufpended  by  fiik  (brings. 

Fig.  162  reprefents  an  eledbrical  machine, 
The  glafs  cylinder  c,  is  one  foot  in  diameter  and 
nineteen  inches  long,  and  is  turned  by  a wheel 
and  (bring,  as  (hewn  in  the  drawing.  The  rubber 
or  cufliion  is  fupported  behind  the  cylinder  by 
two  upright  fprings  that  appear  beneath,  and  are 
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faftened  to  two  crofs  bars  of  giafs.  b is  the  con- 
du6lor  lupported  on  two  pillars  of  giafs.  From 
the  end  neareft  the  cylinder,  iflue  feveral  points ; 
and  at  the  other  end  the  ball  f projedls  by  means 
of  a wire.  The  ball  e is  not  infulated,  and  ferves 
to  draw  the  fpark  from  f.  d is  a chain,  ufually 
hung  to  the  cufhion.  The  fparks  given  by  the 
condudor  of  a machine  of  this  conftru6tion  and 
magnitude  are  from  12  to  14  inches  long. 

R Fig.  163,  is  a drawing  of  Nairne’s  patent  eledlri- 
cal  machine.  The  cylinder  c is  feven  inches  in 
diameter  and  about  one  foot  in  length,  but  the 
length  of  the  rubber  is  no  more  than  eight  inches. 
The  working  parts  at  the  end  of  the  cylinder  are 
entirely  of  wood,  and  are  fupported  by  two  pillars 
of  varnifhed  giafs,  each  of  a foot  in  length.  The 
conduflors  a and  b,  are  fupported  by  like  pillars 
of  the  fame  dimenfions.  The  two  conductors  are 
made  of  tin,  and  lie  parallel  to  the  length  of  the 
cylinder.  T hey  are  exaClly  alike,  excepting  that 
the  rubber  is  fixed  betweeti  the  conductor  a and 
the  cylinder,  and  a row  of  metallic  points  iffue 
towards  the  cylinder  from  the  other  conductor  b. 
The  infulation  of  this  excellent  fmall  machine,  is 
•fo  perfect,  that  on  the  addition  of  a larger  conduc- 
tor to  either  of  the  others,  it  will  give  denfe  fparks 
of  nine  inches  long  to  a ball  of  2‘  inches  diame- 
ter. 
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CHAP;  II. 

concerning  EXCITAtlONj  THE  TWO  DIFFERENT 
states  of  ELECTRICITY,  AND  THE  EFFECTS  OF 
POINTED  CONDUCTORSi 

T^ERY  little  eledtricity  is  excited  by  the  fric-  s 
▼ tion  between  two  eleCtrics  or  two  conductors. 
The  mod:  favourable  circumftances  for  producing 
this  effeCl,  feem  to  be,  when  a perfeft  eleCtric  is 
rubbed  by  a perfeft  conduftor  (302,  g) 

1 he  rubber  of  an  eleftrical  machine  is  ufually  T 
made  of  foft  leather  fluffed  with  hair,  and  the 
rubbing  part  is  fmeared  with  an  almalgam  of  zink 
and  quickfilver  with  a little  tallow,  the  whole 
being  lo  proportioned  as  to  have  the  confiflence  of  ^ 
pafte.  The  glafs  cylinder  in  its  rotation,  paffing 
in  contaft  with  this  metallic  foft  fubflance,  be- 
comes eleftrified,  and  its  eleftricity  is  prevented 
from  flying  back  in  fparks  to  the  rubber  or  being 
diffipated  into  the  air^  by  a piece  of  filk  fewed  to 
the  rubber,  and  paffing  thence  half  way  round  the 
cylinder,  to  which  it  adheres  by  the  eleftric  at-^ 
traftion. 

The  eleftricity  thus  excited.  Is  much  ftroilger  in  v 
dry  frofly  weather  than  when  the  atmofphere  is  damp, 
and  confequently  a better  conduftor  of  eleftricity. 

The  management  of  the  operator  will  alfo  make 
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a prodigious  difference.  No  theory  of  what  hap- 
pens in  the  excitation  of  eleftrics,  has  been  offered 
that  deferves  to  be  mentioned ; and  it  is  owing  to  our 
imperfeft  knowledge  of  this  fubjedl,  that  the  moft 
fkilful  operators  fucceed  by  an  attention  to  cir- 
cumltances  relating  to  the  confiftence  of  the  amal- 
gam, the  roughnefs  or  fmoothnefs  of  its  furface, 
its  freffinefs,  the  pofition  and  management  of  the 
filk,  and  other  matters  that  can  hardly  be  deferibed, 
fo  as  to  affift  the  young  eledrician.  The  follow- 
ing diredions  however  fucceed  very  well. 

Every  part  of  the  apparatus  muff  be  carefully 
wiped  with  a dry  warm  cloth,  or  old  filk  hand- 
kerchief, in  order  that  the  eledriciry  when  col- 
leded,  may  not  be  conduded  off  by  adhering 
moiftureor  damp  (30a,  d).  The  amalgam  ought 
to  abound  with  quickfilver,  and  to  have  no  more 
tallow  than  is  fufficient,  when  applied  to  the  cylin- 
der, juft  to  diminilh  its  brightnefs  without  fmear- 
ing.  It  muft  be  rubbed  on  the  rough  fide  of  a 
piece  of  leather,  pafted  on  a card,  in  very  fmall 
quantity.  The  culhioii  and  ffik  muft  be  care- 
fully bruflied  or  wiped  before  it  is  put  in  its  place. 
This  done,  turn  back  the  filk  fo  that  its  loofe 
part  may  not  touch  the  cylinder,  and  begin  to 
tuin  the  machine,  at  the  fame  time  applying  the 
amalgamed  leather  to  the  cylinder.  After  a few 
turns  the  eledricity  will  be  heard  in  a kind  of 
rr.ftling  noife  near  the  hand,  and  cufliion.  Re- 
move then  the  almagamed  leather,  and  replace  thq 
ftlk  on  the  cylinder,,  to  which  it  will  immediately 
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adhere.  The  fridion  will  now  be  much  greater 
than  before,  as  will  be  perceived  by  the  difficulty 
of  turning  the  handle,  and  the  eledricity  will  be 
feen  along  the  edge  oi  the  filk  in  long  diverging 
ramifications  that  dart  into  the  air  with  noife. 
Thefe  fly  to  the  points  of  the  prime  condudor 
when  applied,  and,  by  means  of  this  laid,  the  fparks 
may  be  drawn,  or  other  experiments  performed. 

It  is  not  well  fettled  whether  a velocity  ofw 
rotation  in  the  cylinder,  greater  than  the  hand  can 
produce  with  a Angle  winch,  be  of  any  advantage 
in  eledricity.  From  a few  trials,  not  fufficiently 
diverfified,  the  fad  feems  to  be,  that  there  is  a 
certain  velocity  of  turning  by  which  more  elec- 
tricity is  obtained,  in  a given  number  of  turns, 
than  by  any  velocity  confiderably  greater  or  lefs; 
and  that  this  neceflary  velocity  is  leafl;  when  the 
excitation  is  moft  powerful.  A cylinder  of  feven 
inches  diameter,  well  excited,  will  afford  its  maxi- 
mum of  eledricity  in  a turn  by  a moderate  ro- 
tation with  a Angle  winch,  and  the  adhefion  of 
the  Aik  will  render  the  turning  fufficiently  labori- 
ous. But  whether  the  labour  of  the  operator 
would  be  better  employed  in  producing  more 
turns  in  a given  time  by  means  of  a wheel,  though 
the  excitation  were  lefs  powerful,  remains  to  be 

decided.  ' 

If  the  amalgam  be  applied  on  the  cufliion  itfelf,  x 
inAead  of  a feparate  leather,  the  excitation  will  be 
more  uniformly  the  fame,  though  rather  lefs  ftrong. 
When  the  feparate  leather  is  ufed,  it  is  neceffary 
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to  apply  it  to  the  cylinder  from  time  to  time,  to 
keep  up  the  excitation.  One  of  the  chief  advan^ 
tages  of  this  laft  method  appears  to  be,  that  a 
fbong  excitation  may  at  ^ny  time  be  produced  by 
taking  off  the  cufhion  and  wiping  it  and  the  fiik 
very  qlean,  at  the  fame  time  that  the  old  amalgam 
is  fcraped  off  the  leather  and  replaced  by  the 
fizc  of  a pea  of  freffi  amalgam ; whereas  in  the 
other  method,  it  not  unfrequently  happens,  that 
the  operator  is  oblige^  tp  have  recouffe  to  a 
variety  of  manoeuvres  without  fuccefs. 

Y If  of  two  ^ondudors,  feparately  infulated,  one 
be  conneded  wifli  the  infulated  rubber,  and  the 
other  placed  near  the  cylinder,  fo  as  t;p  be  elec- 
trified by  it,  they  wifi  both  exhibit  figns  of  elec- 
tricity i but  that  condudor,  which  is  eledrified 
by  the  cylinder,  will  attrad  thofe  bodies  which 
are  repelled  by  the  other  condudor  that  re- 
ceived its  eledricity  from  the  rubber.  And  theTe 
condudors,  if  brought  near  each  other,  will  emit 
fparks,  and  ad  on  each  other  in  every  refped 
ftronger  than  on  other  bodies.  If  they  be  brought 
into  contad,  the  eledricity  of  the  one  will  deftroy 
that  of  the  others  and  notwitiiftanding  the  elec- 
tric matter  appears  to  flow  or  pafs  from  the  cylin- 
der to  its  condudor,  the  two  thus  conjoined  will 
exhibit  few  or  no  figns  of  eledricity. 

2 The  fenfes  cannot  diftinguilh  the  diredion  in 
which  the  cledric  matter  moves.  The  hypothefis 
moil:  generally  admitted,  is  that  eledricity  is  an 
uniform  fluid,  capable  of  btipg  rarefied  or  con^ 
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denfed,  and  that  in  the  common  ele£trical  ma- 
chine it  pafles  from  the  cylinder  to  the  conduftor 
with  points.  On  this  luppofition  this  conduftor 
mull,  when  eledrified,  polFeis  a greater  quantity 
than  is  natural  to  it;  and  fmce  the  cylinder  af- 
fords very  little  eleftricity  when  the  rubber  is  in- 
fulated,  it  will  follow  that*  it  receives  its  eledlricity 
from  the  rubber;  for  unlefs  the  rubber  be  at 
liberty  to  receive  an  equal  quantity  from  the  earth, 
that  is,  unlefs  it  be  uninfulated,  it  can  part  with 
but  a very  fmall  quantity  to  the  cylinder.  Still 
retaining  the  fame  fuppofition  refpefting  ^ the 
courfe  of  the  eledtric  matter,  it  follows  that  the 
rubber,  when  infulated,  muft  lofe  a part  of  its 
natural  quantity  by  fridbion  with  the  cylinder,  and 
confequently  a conduftor  communicating  with  if 
muft  be  negatively  eledrified.  It  is  not  therefore 
fo  much  to  be  wondered  at,  that  the  adions  of  the 
two  condudors  Ihould  be  contrary,  and  that  when 
in  contad  they  Ihould  exhibit  no  figns  of  elec- 
tricity; for  tlie  cylinder  at  the  fame  inftant  that 
it  imparts  the  eledric  matter  to  one  condudor, 
exhaufts  an  equal  quantity  from  the  other,  which 
is  conneded  with  the  rubber.  If  the  diredion  of 
the  eledric  matter  be  fuppofed  to  bp  contrary  to 
what  is  here  affumed,  the  effeds  muft  ftill  be  the 
fame. 

The  principal  circumftance  whereon  the  pre- 
vailing opinion  concerning  this  diredion  is  found- 
ed is,  that  if  the  condudor,  which  derives  its 
eledricity  from 'the  cylinder,  be  made  fharp  or 
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angular  at  any  part,  not  very  near  the  cylinder,  a 
diverging  cone  of  eledlric  light  will  be  feen,  whofe 
vertex  is  the  point  itfelf,  and  the  ele6tric  phaeno- 
mena  will  be  much  diminifned.  But  the  con- 
dudtor,  which  is  connefted  with  the  rubber,  though 
its  effefts  be  equally  djminifhed  by  a fimilar  cir- 
cumftance,  will  never  exhibit  the  cone  of  rays,  but 
is  only  tipped  at  the  point  with  a 'fmall  globular 
body  of  light.  The  cone  has  been  thought  to 
refemble  the  rulhing  out  or  emitting  of  light, 
and  the  globe  the  appearance  of  the  imbibing  or 
entrance  of  the  electric  matter}  whence  the  name 
of  pofitiye  eledlricity  has  been  adopted  for  that  of 
the  cylinder,  and  negative  for  that  of  the  rubber. 
The  terms  will  be  ufed  in  the  lame  lenfe,  in  this 
work,  though  it  muft  be  confelTed,  that  the  pro- 
priety of  their  application  is  ftili  doubtful. 

If  electricity  be  produced  by  the  excitation  of  a 
globe  or  cylinder  of  fulphur  or  refin,  tl>e  ftates  will 
be  reverfedj  the  rubber  will  be  pofitive,  and  the 
cylinder,  with  its  coridiidtor,  will  be  negative. 
This  was  formerly  thought  to  depend  on  the 
nature  of  the  eleCfric  body,  and  the  two  ftates  of 
electricity  were  diftinguifhed  by  the  names  of 
vitreous  and  reftnous  eleCtricity,  but  it  has  fince 
been  foqnd,  that  the  difference,  in  moft  cafes,  ariles 
from  the  relative  fmoothnefs  of  the  furfaces  of 
the  electric  body  and  its  rubber  when  compared 
with  each  other. 

It  feerns  to  be  a rule,  that  the  fmootheft  of  the 
two  bodies  obtains  the  pohtive . ftate.  Baked 
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wooden  cylinders,  with  a fniooth  rubber  of  oiled 
filJc,  become  negative,  but  with  a rubber  of  flan- 
nel pofitive.  Glafs,  made  rough  by  grinding, 
with  emery,  excited  with  new  foft  flannel,  is  ne-. 
gative,  but  with  dry  oiled  filk,  rubbed  with 
whiting,  pofitive  j but  if  the  glafs  be  fmeared  with 
tallow,  and  wiped  with  a cloth,  then  the  oiled  filk, 
by  rubbing,  becomes  poliflied,  and  the  tube  be- 
comes negative,  as  at  firil;  if  the  oiled  filk  be 
again  rubbed  with  whiting,  it  excites  a pofitive 
ftate  on  the  greafed  tube  3 but  when  the  filk  has- 
again  acquired  a polifh,  the  tube  becomes  again- 
negative.  Even  polifhed  glafs  may  be  rendered 
negative  by  rubbing  with  the  hairy  fide  of  a cat’s 
fldn. 

Bodies  pofiTefiTed  of  fimilar  and  equal  ftates  ofo 
eledlricity,  repel  each  other;  bodies  poflelfed  of 
oppofite  ftates  of  eledlricity,  attradt  each  other; 
and  bodies  in  a mean  or  natural  ftate  are  attracted 
by  all  eledtrified  bodies  whatever.  But  as  we  have 
no  clear  conception,  or  adequate  idea,  of  any 
mechanical  procefs  by  which  attradtion  may  be 
caul'ed,  all  our  reafoning  on  the  fubjedt  muft  be 
purely  hypothetical  (i.  25,  x),  for  want  of  pro-’ 
bable  grounds  to  proceed  on.  If  ever  this  pro- 
perty of  matter,  whofe  origin  at  prefent  is  fo  little 
underftood,  fiiould  be  deduced  from  fome  fimpler 
caule,  there  is  great  reafon  to  think  that  it  will 
be  in  confequence  of  eledtrical  difeoveries. 

If  the  infulated  prime  condudtor  of  a machine  e 
be  well  poliflied,  and  without  corners  or  angles, 

it 
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it  will  retain  its  eledtric  ftate  very  well,  and  will 
emit  ftrong  fparks  upon  the  approach  of  any  un- 
mfulated  conductor.  If  the  uninfulated  conduc- 
tor be  broad,  round,  and  polifhed  at  the  end,  the 
Iparks  will  be  Ihort  and  denfe,  and  will  produce 
a confiderable  found  j if  lefs  broad,  the  fpark  will 
be  long,  crooked,  and  lefs  foundings  if  the  breadth 
be  ftill  more  diminilhed,  the  condudlor  begins  to 
come  under  the  denomination  of  a pointed  body 
(jiij  a),  the  eleftric  matter  paffes  to  it  from 
the  prime  conductor,  through  a great  fpace  of 
air  with  a hi  fling  or  ruftling  noife,  and  in  a con- 
tinual ftream  : a (till  greater  fharpnefs  enables  the 
eledtricity  to  pafs  over  a greater  fpace,  but  filently, 
and  nothing  is  feen  but  a fmall  light  upon  the 
point.  If  a fimilar  point  ilTue  from  the  prime 
conductor,  and  the  uninfulated  conductor  be  round 
and  polilhed,  the  fame  effedts  happen  in  like  fitua- 
tionsj  but  if  both  be  pointed,  the  eledtricity  is 
more  readily  difeharged ; and  in  all  thefe  cafes  the 
appearance  of  the  eledtric  matter  at  the  point  of 
the  prime  condudtor  will  be  that  which  is  peculiar 
to  its  eledtricity,  a large  divergent  cone  if  pofitive, 
or  a fmall  globular  light  or  cone  if  negative,  and 
the  light  at  the  point  prefented  to  the  prime  con- 
dudtor will  be  diftindtive  of  the  contrary  elec- 
tricity. Whether  a pointed  condudtor  be  elec- 
trified pofitively  or  negatively,  if  the  nofe  be 
brought  near  the  point  during  the  eledtrization,  a 
wind  will  be  felt  blowing  from  the  point,  and  the 
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fenfe  will  be  affc^led  with  a fulphureoiis  or  phol*- 
phoreal  fmell. 

The  reaction  of  the  force  by  which  the  air  is  r 
put  into  nnction,  is  exerted  on  the  pointed  body. 
This  is  fliewn  by  a pleafing  experiment  with  an 
eleftrified  wire,  thus  5 to  the  middle  of  the  wire,  or 
rather  between  two  wires  that  lie  in  the  fame  line, 
is  affixed  a center-cap  like  thofe  ufed  in  fea-com- 
pafles,  fo  that  the  wire  may  eafily  be  moved  on  a 
point  in  an  horizontal  diredion,  as  magnetical 
needles  are ; and  the  ends  of  the  wire  are  pointed 
and  bent  contraiy  w^ays,  to  point  in  the  diredion 
of  the  tangent  to  the  circle  deferibed  by  them. 
Now  if  this  wire  thus  fufpended  on  a point,  be 
infulated  and  eledrified,  its  lharp  ends  will  be- 
come luminous,  and  it  will  revolve  in  a diredion 
contrary  to  that  in  which  its  ends  are  bent;  or  if 
it  be  lufpended  on  an  uninfulated  point,  and 
brought  near  the  eledrified  prime  condudor,  the 
fame  effed  will  follow. 

It  may  be  thought  ftrange  that  the  air  fliould  o 
ifllie  from  an  eledrified  point,  whether  its  elec- 
tricity be  pofitive  or  negative.  _ It  is  eafy  to  con- 
ceive that  the  ilTuing  out  of  the  eledric  matter 
may  caufe  the  air  to  move  in  the  fame  diredion, 
but  it  appears  ftrange,  that  the  eledric  matter 
rufhing  towards  a point  fliould  caufe  the  air  to 
move  direftly  contrary,  that  is  to  fay,  likewife 
from  the  point.  But  if  the  circumftance  be  ex- 
amined more  narrowly,  the  difficulty  will  vanifli. 
For  it  is  highly  probable  that  the  eledric  matter 
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pafles  too  fwiftly  (i.  40,  z)  to  excite  any  motion 
in  the  air  but  that  undulation  wherein  found  con- 
fifls  (65,  n);  to  which  may  be  added  that,  if  the 
clefiric  matter  do  aft  on  the  air  to  put  it  in  motion, 
the  air  muft  reaft  with  an  equal  force  j and  there- 
fore that  a current  ‘of  air  blown  againft  the  courfe 
of  the  eleftric  matter  muft  affeft  its  appearance,  by 
retarding  the  rays  and  deflefting  thofe  againft 
which  if  ftruck  obliquely:  the  contrary  to  which 
is,  by  experience,  known  to  obtain;  for  the  lu- 
minous cones  (314,  e)  are  not  fenfibly  affefted 
by  fuch  treatment.  The  air  being  thus  indifferent 
as  to  the  motion  of  the  eleftric  matter,  its  motion 
may  be  fhewn  to  depend  on  the  eftablifhed  prin- 
ciples of  eleftricity.  The  point  is  eleftrified 
either  pofitively  or  negatively,  and  the  air,  im- 
mediately oppofite  and  contiguous  to  the  point, 
muft,  by  the  emifllon  or  exhauftion  of  the  eleftric 
matter,  become  ftrongly  poflefied  of  an  eleftric 
ftate  of  tlie  fame  kind  with  that  of  the  point:  it 
is  therefore  repelled  (313,  d)  and  replaced  by 
other  air  which  is  alfo  eleftrified  and  repelled,  by 
which  means  a conftant  ftream  is  produced  blow- 
ing from  the  point,  and  that  equally  whether  the 
cleftrization  be  pofitive  or  negative.  And,  as 
aftion  and  reaftion  are  equal  and  contrary,  the 
point  repelling  the  air  muft  itfelf  alfo  be  equally  re- 
pelled in  the  contrary  direftion;  whence  the  hori- 
zontal wire  above  deferibed  is  turned,  and  that 
always  one  way,  namely,  contrary  to  that  in  which 
the  air  is  moved^  or  to  the  direftion  of  its  bent 
' points. 
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CHAP.  III. 

OF  THE  COURSE  OF  THE  ELECTRIC  MATTER 
THROUGH  THE  COMMON  AIR,  AND  THROUGH 
AIR  VERY  MUCH  RAREFIED,  WITH  A DESCRIP- 
TION OF  AN  INSTRUMENT  FOR  DISTINGUISH- 
ING THE  TWO  STATES  OF  ELECTRICITY. 

The  air,  being  a non-conduftor,  muft  be  h 
clafled  among  eleftric  bodies;  and  the  prime 
condiiftor  of  an  eledrical  machine  beirfg  furround- 
ed  with  air  retains  its  electric  ftate  much  better 
than  it  would  do  without  that  circumftance.  For 
the  eledlric  matter  cannot  pafs  to  or  from  the 
condudor  with  the  fame  facility  as  if  this  imper- 
meable lubftance  were  not  interpofed. 

When  air  is  fpoken  of  as  impermeable  and  elec-  r 
trie,  it  muft  not  be  underftood  as  being  perfectly 
fo,  but  as  being  moftly  compofed  of  non-conduc- 
ting parts.  There  is  always  moifture  enough  in 
the  air  to  reftore  the  natural  ftate  to  eledrified 
bodies  in  a few  hours.  It  is  likewife  permeable, 
as  all  other  eledrics  are,  by  the  force  of  the  elec- 
tric matter  W'hich  divides  it  or  feparates  its  parts: 
when  this  happens  to  a folid  eledric,  a hole  is 
made  through  it. 

Long  fparks  are  always  crooked  in  various  k 
diredions,  like  lightning  j which  feems  to  be 
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caufed  by  the  eledric  matter  pafiing  through  tho/^ 
parts  of  the  air  in  whicli  the  beft  condudors  arc 
found.  Indeed  there  is  reafon  to  think  that  elec- 
tricity always  requires  a conductor  to  enable  it  to 
pafs  from  one  body  to  another.  For  if  a glals 
fyphon,  w|iofe  legs  are  equal,  and  relpedively 
more  than  thirty  inches  long,  be  filled  with  boil- 
ing mercury,  and  the  ends  inverted  into  balbns 
likewife  containing  mercury,  a double  barometer 
(31,2)  will  be  formed,  whole  upper  or  arched  part 
will  be  abfolutely  void  of  air.  Then  if  one  of  the 
bafons  be  infulated  and  eledrified,  the  eledricity 
will  not  pafs  from  the  mercury  in  one  leg,  through 
the  void,  to  that  in  the  other  j but  upon  adrrut- 
ting  a fmall  bubble  of  air,  it  is  immediately  feen 
pafling  through  the  vacant  fpace  in  the  form  of 
bright  flafhes  or  flames.  In  the  vacuum  of  the 
air-pump  the  eledric  matter  will  pafs  and  appear 
luminous  between  condudors,  how  diftant  foever, 
forming  a beautiful  appearance,  that  very  much 
raiembles  the  northern  lights  or  aurora-borealis, 
But  it  is  found  that  in  high  degrees  of  exhauflion 
the  light  is  lefs  the  lefs  air  is  left  in  the  receiver. 

It  feems,  on  confideration  of  thefe  circumftances, 
that  the  eledric  matter  cannot  pafs  through  the 
more  perfed  vacuum,  for  want  of  a condudlor, 
but  that  the  conduding  part  of  the  air  when  in- 
troduced, anfwers  the  purpofe,  while  the  reflftance 
of  the  eledric  part,  being  very  fmall,  on  account 
of  the  rarefadion,  fuffers  it  to  pafs  from  one  con- 
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duftor  to  another,  through  much  greater  fpaces 
than  it  can  pafs  through  in  the  open  air. 

This  opinion  is  fomewhat  more  confirmed  by  L 
the  obfervation  that  the  electric  matter  forces  con- 
du6ling  bodies  into  its  path.  If  a drop  of  water 
be  laid  on  the  prime  condud:or,  in  a pofitive  ftate, 
very  long  fparks  may  be  drawn  from  it,  the  drop 
will  aflume  a pointed  or  conical  fiiape,  and  wet 
bodies  which  are  held  near  it:  a proof  that  the 
water  is  thrown  off.  If  the  fame  experiment  be 
made  with  melted  fealing-wax,  the  appearance  is 
very  peculiar  and  amufmg.  The  fealing-wax  muff 
be  dropped  on  or  ftuck  to  the  fide  of  the  prime 
condu6lor,  and  afterwards  melted  with  a candle ; 
then  if  the  condu£tor  be  eledlrified,  either  pofi- 
tively  or  negatively,  the  drop  of  wax  becomes 
pointed,  and  fhoots  a number  of  fine  threads  into 
the  air,  to  the  diftance  of  feveral  feet.  This 
thread  is  in  the  fame  ftate  of  eleftricity  as  the 
condu6tor  it  iffues  from. 

It  is  remarkable  that  the  drop  of  water  which  m 
forms  itfelf  into  a point  by  ele(5trization  does  not 
give  the  fpark  when  negatively  eleflrified.  This 
property  is  not,  however,  peculiar  to  water,  but 
common  to  all  very  ftiort  pointed  conduftors  that 
rife  out  of  another  furface  nearly  plane,  and  of 
fome  extent.  A lharp  metallic  point  rifing  about 
one  thirtieth  of  an  inch  out  of  the  furface^of  a 
ball  of  three  inches  diameter,  gave  fparks  five  or 
fix  inches  in  length,  when  pofitive  or  emitting  the 
electric  matter  ^ b'nt  the  electricity  paffed  with- 
out 
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out  fparks,  and  with  fcarcely  any  noifc,  when 
the  point  w^as  negative  or  receiving.  This  may 
be  an  ufeful  criterion  for  diftinguifhing  tiie  two 
■ dates. 

N Fig.  164,  reprcfents  an  inftrument  for  diftln- 
giiifliing  the  eleftricities.  a and  b are  two  me- 
tallic balls,  that  may  be  placed  at  a greater  or 
lefs  diftance  from  each  other  by  means  of  the  joint 
at  c.  The  two  branches  or  legs  ca,  cb,  are  var- 
nifhed  glafs.  From  one  of  the  balls  a,  proceeds 
a fhort  point  towards  the  other  ball  b.  If  the 
two  balls  be  placed  in  the  current  or  conrle  of  the 
cleftric  matter,  fo  that  it  may  pafs  through  the 
air  from  the  one  to  the  other,  its  dire6tion  will 
be  known.  For  if  the  eletilric  matter  pafs  from 
A to  B,  there  will  be  a certain  diftance  of  the  balls 
dependant  on  the  ftrength  of  the  electricity,  with- 
in which  denfe  fparks  will  pafs  from  the  point : 
but  if  its  courfe  be  in  the  contrary  direction,  no 
Ipark  will  be  feen,  unlefs  the  balls  be  almoft  in 
contact,  and  the  point  will  be  tipped  with  electric 
light. 
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Of  the  electricity  produced  by  BRIITGINO 
A conductor  near  ti-ie  electrified  prime 

■ CONDUCTOR;  AND  OF  CHARGING  AND  DIS-', 
CHARGING  ELECTRIC  PLATES* 

Y F an  infulated  concludlor,  free  from  points,  be  o 
A brought  within  a certain  diftance  of  the  prime 
condudlor  or  cylinder  in  an  ele6lric  ftate,  it  will 
alfo  exhibit  figns  of  eleftricity  of  the  fame  kind ; 
but  if  thofe  figns  be  removed,  by  taking  the  fpark, 
and  the  conduftor  taken  from  the  prime  conduc- 
lor,  it  will  exhibit  figns  of  the  contrary  elec- 
tricity. This  is  a very  remarkable  appearance, 
but  may  be  accounted  for,  if  two  fuppofitions  be 
admitted,  viz*  firll,  that  the  eleftric  matter  is  at- 
tracted by  conducting  bodies ; and  fecondly,  that 
the  parts  of  the  eleCtric  matter  mutually  repel  each 
other,  the.  forces  of  each  power  being  in  a certain 
inverted  ratio  of  the  diftance* 

For  the  eleCtric  matter,  in  an  infulated  and  uni-  P 
form  conductor,  will  then  be  equally  diffufed 
dirough  its  whole  mafs,  and  the  attraction  which 
that  conductor  will  exert  on  any  mafs  of  eleCtric 
matter  prefented  from  without,  muft  be  the  excefs 
of  the  attractive  force  of  the  body  over  the  repul- 
five  force  of  the  eleCtricity  it  contains*  Whence 
a given  conductor  will  attraCt  the  eleCtric  matter 
VoL,  IT  Y ' tlie 
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the  moft  powerfully  when  the  quantity  it  already 
poflefTes  is  the  leaft  poflible,  and  its  attradive 
force  will  decreafe  ^as  it  becomes  more  faturated 
with  electricity.  Let  two  equal  condudors,  com- 
pofed  of  like  matter^  be  brought  within  a fmall 
diftance  of  each  other,  then,  if  the  quantities 
of  eledricity  they  contain  are  equal,  the  attrac- 
tions they  mutually  exert  on  thofe  quantities  will 
be  equal,  and  it  will  remain  undifturbed  in  each 
body.  But  if  one  condudor,  a,  contain  more  elec- 
tricity than  the  other,  b,  tire  attradive  power  of 
B will  be  greateft,  and  -will  draw  the  eledric 
matter  from  a till  an  equilibrium  is  obtained.  It 
follows  alfo,  that  in  a number  of  conduding  bodies, 
communicating  with  each  other,  the  eledric  mat- 
ter wdll  be  every  where  of  the  fame  denfity,  if  the 
greateft  attradive  force  of  the  bodies  be  fuppofed 
equal;  but  if  different  bodies  be  fuppofed  to  at- 
trad  the  eledric  matter  with  different  forces,  as 
is  moft  probable,  the  denfities  muft  vary  with  the 
forces.  This  may  be  called  the  natural  ftate. 

R To  apply  this  to  the  particular  inftance  above 
recited,  fuppofe  the  end  of  an  infulated  conduc- 
tor to  be  brought  near  the  prime  condudor  in  a 
pofitive  ftate,  the  attradive  power  of  the  firft-men- 
tioned  condudor  is  greater  than  that  of  the  prime 
condudor,  yet,  not  being  fufficient  to  draw  fparks, 
at  the  given  diftance,  the  only  effed  it  can  pro- 
duce is,  to  make  the  eledric  matter  accumulate, 
and  become  more  denfe  in  that  part  of  the  prime 
condudor  ncixr  which  it  is  prefen  ted  j by  which 
' ' - accumulation 
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accumulation  the  reft  of  the  prime  condudlor  be- 
comes lefs  eledrified,  as  experience  teftifies.  TJiis 
accumulated  body  of  ele(ftricity  repels,  and  con- 
fcquently  rarefies  the  eledlric  matter  naturally  con- 
tained in  that  end  of  the  condudlor,  which  is 
prefented  to  the  prime  conduftor ; the  reft  of  the 
fluid  becomes  more  denfe,  and  the  other  parts 
of  the  conduftor  which  is  prefented,  exhibit  figns 
of  eledtf icity ; yet,  as  this  conductor  in  the  whole 
contains  no  more  than  its  natural  quantity,  if  the 
eledlric  ftate  be  taken  off,  by  drawing  the  Ipark, 
and  it  be  afterwards  removed  from  the  vicinity  of 
the  prime  conduffor,  it  becomes  negative  through- 
out, by  reafon  of  the  lofs  of  the  fpark.  If  a con-  s 
ducftor  be  prefented  to  the  prime  conductor  in  a 
negative  ftate,  the  effeds  are  reverfed  , the  at- 
tradion  being  ftrongeft  at  the  prime  conduc- 
tor, and  the  accumulation  being  in  the  conduc- 
tor which  is  prefented,  it  exhibits  a negative 
ftate,  which  being  deftroyed,  upon  removal  it  be- 
comes pofitive,  by  reafon  of  the  fpark  which  was 
given  to  it  when  apparently  negative. 

Thefe  effeds  are  more  confiderable  the  lefs  the  t 
diftance  is  between  the  two  condudors  ; and  the 
intercedent  eledric  body  is  peculiarly  affeded  : 
the  manner  of  which  may  be  better  underftood, 
by  obferving  the  phenomena  of  non-eledrics,  fe- 
parated  by  eledrics  which  are  lefs  liable  to  allow 
tlie  paffing  of  the  fpark  than  the  air  is. 

Upon  an  infulated  horizontal  plate  of  metal,  u 
by  a plate  of  glafs,  confiderably  larger,  fo  that 

Y 2 . there 
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there  may  be  a rim  of  three  or  four  inches  pro- 
jedling  beyond  the  metal  on  every  fide.  Upon 
the  glafs  lay  another  plate  of  metal,  of  the  fame 
fize  as  the  former,  fo  as  precifely  to  cover  it. 
Eledlrify  the  upper  plate,  and  the  lower  will  ex- 
hibit figns  of  eledricity.  Continue  the  elecftriza- 
tion,  and  the  lower  plate  will  emit  fparks  to  an 
uninfuiated  body  for  a time,  and  afterwards  ceafe. 
Separate  the  plates  from  the  glafs  without  uninfu- 
lating  them,  and  the  glafs  will  appear  to  be  pof- 
feffed  of  the  contrary  eledtricities  on  the  oppo- 
fire  fides.  That  lide  which  communicated  with 
the  prime  condudtor,  during  the  electrization,, 
will  have  a like  eledlricity,  and  the  other  the 
contrary.  Take  off  the  eledlricity  of  the  plates  of 
metal,  and  carefully  replace  the  glafs  on  the 
lovv’er,  without  deffroying  the  infulation,  and  alfo 
replace  the  upper  plate  with  the  fame  precaution. 
Then,  with  one  end  of  an  infulated  wire,  not 
pointed,  but  knobbed  at  the  ends,  touch  one  of 
the  plates,  and  bring  the  other  end  near  the  other 
plate  : the  confequence  will  be,  that  a ftrong  and 
loud  fpark  will  pals  between  it  and  the  wire,  the 
cledlricity  of  the  glafs  will  be  difeharged,  and  the 
plates  and  the  wire  will  exhibit  few  or  no  figns  of 
eledlricity, 

V An  eledtric  body,  whofe  furfaccs  are  thus  pof- 
feffed  of  the  contrary  eledlricities,  is  faid  to  be 
charged.  The  infulation  of  the  low'er  metallic 
plate  and  of  the  difeharging  wire  is  not  neceffary, 
except  for  die  purpofe  of  drawing  inferences,  re- 

fpedling 
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fpeding  the  manner  of  charging  the  eledlric  plate. 

If  the  eleftricity  of  the  prime  condtidor  be  ftrong, 
and  the  glafs  thick,  the  difcharge  will  often  be 
made  by  a fpark  from  the  one  metallic  plate  to 
the  other,  ovei  the  furface  of  the  glafs  w'hich  pro- 
jedls  on  every  fide ; but  if  the  glafs  plate  be  thin, 
in  which  cafe',  at  an  equal  intenfity,  it  admits  of  a 
much  greater  charge,  the  difcharge  will  be  made 
through  its  fubftance.  Glafs,  as  thick  as  one 
eighth  of  an  inch,may  be  penetrated  by  this  means, 
one  or  more  holes  being  made  where  the  elec- 
tric matter  has  pafled,  in  which  holes  the  glafs  is 
pulverized,  and  may  be  picked  out  with  a pin. 

The  greater  the  furface  of  the  glafs,  the  greater  w 
charge  it  will  contain,  the  fame  intenfity  being 
fuppofed.  But  a given  machine  will  not  fuper- 
induce  fo  ftrong  an  eledlric  ftate  on  a large  plate 
as  a fmall  one : the  reafon  of  which  feems  to  de- 
pend on  the  different  intervals  of  time  required  in  the 
charging,  conjoined  with  the  different  magnitudes 
of  the  furfaces  at  which  the  eledricity  is  commu- 
nicated to  the  air.  If  there  were  no  efcape  of  the 
eledlric  matter  during  the  time  of  charging,  the 
times  would  probably  be  as  the  faifaces  of  the 
plates,  equal  thicknefies  being  always  fuppofed; 
and  if  two  plates  were  equally  charged,  the  efcape 
would  perhaps  be  likewife  as  the  furfaces.  Thefe  x 
being  premifed,  the  whole  efcape  would  be  as  the 
time  of  charging,  and  the  furfaces  of  each  con-  ' 
jointly,  that  is,  becaufe  the  times  are  as  the  fur- 
faces, in  the  duplicate  ratio  of  their  furfaces  di- 

Y 3 really. 
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re<5lly.  Hence  it  appears  that  the  efcape  in  plates, 
that  increafe  in  fize,  approaches  rapidly  and  con- 
tinually nearer  to  the  quantity  of  eledtrlcity  fup- 
plied  by  the  machine,  and  that  the  more  powerful 
machine,  by  diminifhing  the  time  of  charging, 
will  charge  higher  in  the  inverfe  proportion  of  the 
time.  It  muft  be  confeffed  that  the  fuppofitions 
not  being  accurate,  the  proportions  are  only  nearly 
true,  yet  this  way  of  confidering  the  fubjedt  may 
ferve  to  indicate  the  caufes,  though  not  ftridly  to 
meafure  the  effeft. 

Y From  the  experiment  (324)?  of  feparating  the 
glafs  from  the  plates  of  metal,  it  is  fhewn,  that 
the  furplus  of  the  electricity  on  one  furface,  is 
cither  accurately  or  very  nearly  equal  to  the  defi- 
ciency on  the  other ; for  if  it  were  otherwife,  the 
plates  and  the  difcharging  wire  would  become 
ftrongly  poffefled  of  the  predominating  eleClricity. 

2 It  alfo  follows,  that  if  the  theory  of  pofitive  and 
negative  eledricity  be  true,  eledric  bodies  muft 
contain  the  eledric  matter,  for  the  eledric  ftates 

I * 

are  evidently  on  the  furfaces  of  the  glafs,  inde- 
pendent of  the  metal.  Now,  though  it  may  eafily 
be  underftood  that  a pofitive  ftate  may  be  fuper- 
jiiduced  by  an  accumulation  of  eledricity  on  one 
furface,  yet  it  is  abfurd  to  fuppofe  that  the  elec- 
tric matter  can  be  emitted  and  exhaufted  from  the 
other  fide,  if  it  did  not  exift  there,  previous  to 

A fuch  emiflion  and  exhauftion.  From  this  circum- 

- , . I 

ftance  it  may  be  concluded,  according  to  the  fame 
theory,  that  all  bodies,  as  w’ell  eledrics  as  non- 

eledrics. 
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ckarics,  attraft  the  ekaric  matter,  but  that  elec-, 
tries,  being  lb  conftruaeci  as  not  to  admit  it  into 
tlieir  fubftance,  as  non-ekarics  do,  muft  condenfe 
it  upon  their  furfaces,  and  at  all  times  hold  a great 
quantity  fo  condenfed.  And  if  the  quantity  of  elec- 
tricity be  increafed  or  diminifhed  on  one  fide,  the- 
ekaricity  on  the  other  furface  muft  be  i arched  or 
condenfed,  in  confequence  of  the  diminution  or 
increafe  of  the  whole  attraaive  force  of  the  body. 
Xhe  effeas  will  alfo  be  more  conhderabk  the  kfs 
the  diftance  is  between  the  two  furfaces  (321,0). 

It  is  not  poffibk  to  charge  an  ekaric  plate  by  a 
inducing  an  ekaric  ftate  on  one  of  its  fui  faces^ 
unkfs  the  other  be  at  the  fame  time  fufficiendy 
near  to  an  uninfulated  non-  ekaric  to  affume  the 
contrary  ftate  by  emitting  or  receiving  the  eke-, 
trie  matter. 

If  a plate  of  glafs  be  laid  upon  an  uninfulated  b 
plate  of  metal,  the  upper  furface  may  be  rendered 
ekaric  by  friaion,  or  by  applying  an  ekarihed 
body  fucceflively  to  its  parts.  T.  his  ekaricity^ 
may  be  taken  off  by  touching  the  upper  furface 
with  an  uninfulated  metallic  plate  of  the  fame  di- 
menfions  as  that  upon  which  the  glafs  is  placed, 
but  will  not  be  entirely  taken  off,  bccaufe  the 
communication  between  the  two  furfaces  in  this 
method  is  not  perfea,  and  becaufe  the  metal 
cannot,  by  ordinary  means,  be  brought  into  ac- 
tual contaa  with  the  glafs.  The  finall  quantity 
which  remains,  produces  an  effeft  which  has  been 
rniftaken  for  a perpetual  eiedtricity.  For  if  a plate  c 
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of  metal,  to  which  a glafs  handle  is  affixed,  be 
laid  upon  the  glafs,  this  fmall  quantity  of  elec- 
tricity will  influence  the  metal,  and,  without  ac^ 
tually  communicating  the  eledlric  matter,  will 
caiife  it  to  exhibit  a fimilar  Hate  ( 322  ).  If 
this  be  taken  off,  by  drawing  the  fpark,  and  the 
metal  then  removed,  by  means  of  the  glafs  handle, 
it  will  be  found  poffefled  of  the  contrary  ftate  of 
eledricity,  and  another  fpark  may  be  obtained. 
The  metallic  plate  may  be  then  again  applied  to 
the  furface  of  the  glafs,  and  the  procefs  again  re- 
peated, and  fo  on  for  a prodigious  number  of 
times,  without  any  fenfible  difference  in  the  event. 
For  the  eledricity  at  the  furface  of  the  glafs  being 
aimofl:  in  the  natural  ftate,  as  to  condenfation, 
does  not  difappear  for  a very  long  time,  and  the 
very  near  approach  of  the  metal  enables  it  to  pro- 
duce the  fame  effed  as  would  be  obtained  at  a 
greater  diftance  from  a ftronger  eledricity 
(321,  o).  This  is  made  obvious,  by  bringing 
the  metallic  plate  near  the  furface  of  the  glafs  be-r 
fore  its  firfl:  ftrong  eledricity  is  taken  off,  for  the 
fame  event  is  then  perceived  at  the  diffance  of 
four,  five  or  fix  inches,  as  in  the  former  cafe  is 
produced  by  contad. 

"I'he  vapors  of  the  atmofphere  are  continually 
attaching  thcmfeives  to  the  furface  of  cold  glafs, 
and  by  that  means  deflroy  the  eledricity.  Sul- 
phur, wax,  or  refin,  being  lefs  lubjed;  to  this, 
retain  their  eledric  ftate  mmch  longer.  A plate 
pf  glafs  or  wood,  coated  over  with  any  fubftance 

of 
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of  this  nature,  may  be  excited  by  fridlion,  and  will 
produce  eledlricity  in  a metallic  plate,  in  the  man- 
ner above  defcribed  for  a very  great  length  of 
time.  Such  a plate,  together  with  its  metal,  has 
been  named  the  eledtrophorus,  fig.  165. 

If  the  dil'charge  of  an  eledlrified  plate  be  made  e 
by  the  parts  of  a living  animal,  a confiderable 
pain  will  be  felt  chiefly  at  the  extremities  of  the 
mufcles.  For  example,  if  the  lower  metallic  plate 
be  touched  with  one  hand,  and  the  other  brought 
to  the  upper  plate,  at  the  inftant  of  the  emiflion, 
a pain  will  be  felt  at  the  wrifts  and  elbows,  which 
as  inftantly  vanilhes.  If  a larger  glafs  plate  be 
ufed,  the  pain  will  be  felt  in  the  breaft  j if  yet 
larger,  the  fenfation  will  be  that  of  a univerfal 
blow.  This  fenfation  has  obtained  the  name  of 
the  fhock,  and  will  deprive  animals  of  life,  if  fuf- 
ficiently  ftrong.  The  fhock  from  30  fquare  inches 
of  glafs,  well  charged,  will  inftantly  kill  mice, 
fparrows,  or  other  fmall  animals.  Six  fquare  feet 
of  glafs  will  deprive  a man  of  fenfation  for  a time, 
if  the  head  be  made  a part  of  the  circuit  through 
which  the ‘•electricity  moves.  No  inconvenience 
has  been  found  from  the  eledtric  fhock  by  men 
of  ftrong  habits,  but  women  of  delicate  conftitu- 
tlons  have  had  convulfions  from  a violent  fhock. 

It  may.  be  obferved,  that  the  eledtric  fhock  is  a p 
proof  that  the  eledtric  matter  can  pafs  through  the 
lubftance  of  non-eledtrics,  and  is  not  univerfally 
• condudted  along  their  furfaces  alone,  as  fome  have 
fuppofed,  . 
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CHAP.  V. 

OF  ELECTRIC  JARS;  THE  VELOCITY  OF  THE 
SHOCK;  LIGHT  IN  THE  BOYLEAN  VACUUM; 
THE  CHARGING  A PLATE  OF  AIR,  WHENCE  IS 
DEDUCED  THE  ACTION  OF  POINTED  BODIES. 

For  the  fake  of  fimpllcity  and  precifion,  the 
efFefls  of  eleflricity,  in  charging  glafs, 
have  been  defcribed  as  they  happen  in  flat  pieces 
or  plates.  Thcfe,  however,  are  feldom  ufed. 
The  objeftofthe  philofopher,  in  general,  is  to  col- 
lect a large  quantity  of  eledricity,  by  means  of  the 
furfaces  of  eledrics,  and  it  is  neither  neceflary 
nor  convenient  to  life  flat  plates.  He  therefore 
accommodates  himfelf  with  a fuffleient  number  of 
prepared  jars.  Thefe  are  made  of  various  fliapes, 
and  magnimdes,  but  the  moft  ufeful  are  thin  cy- 
lindrical glafs  veflels,  about  four  inches  in  diax, 
meter,  and  fourteen  in  height ; coated  within  and 
without,  with  tin-foil,  which  is  fhi.ek  on  with  gum- 
water,  pafte,  or  wax,  excepting  two  inches  of  the 
rim  or  edge,  which  is  left  bare,  to  prevent  the 
communication  between  the  coatings.  About 
four  inches  from  the  bottom,  within,  is  a large 
cork,  that  receives  a thick  wire,  ending  in  feve- 
rzi  ramifications,  which  touch  the  infide  coating ; 
the  upper  end  of  the  wire  terminating  with  a knob, 
confiderabiy  above  the  mouth  of  the  jar.  Fig.  i66. 

When 
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When  At  is  required  to  be  charged,  it  may  be 
held  in  the  hand,  or  placed  on  an  uninfulated  table, 
and  the  knob  of  the  wire  applied  to  tlie  conduc- 
tor i the  infide  coated  furface  becomes  pofleffed  of 
the  electricity  of  the  condudor,  and  the  external 
furface  acquires  the  contrary  electricity,  by  means 
of  its  uninfulated  coating.  When  a jar  of  this 
kind  is  highly  charged,  it  will  difcharge  fponta- 
neoufly  over  the  uncoated  furface,  and  feldom 
.through  the  glafs,  whereas,  when  the  uncoated 
furface  is  large,  they  are  more  apt  to  break  by 
that  means,  and  become  ufelefs.  Yet,  there  is  i 
no  certainty  that  a jar,  which  has  difeharged  it- 
felf  over  its  furface,  will  not  at  another  time  break 
by  a difcharge  through  the  glafs,  as  the  contrary 
often  happens. 

A jar  of  confiderable  thicknefs,  with  a neck  k 
like  a bottle,  in  which  is  cemented  a thick  tube 
to  receive  the  wire,  will  fuftain  a very  high 
charge,  and  produce  much  greater  effeCls  than 
one  of  the  laft  defeription.  The  charging  wire 
being  inferred  loofely  into  the  tube,  will  fall  out 
on  inverting  the  jar,  and  the  charge  will  remain 
for  feveral  weeks  without  much  lofs.  A jar  thus 
charged,  may  be  put  into  the  pocket,  and  applied 
to  many  purpofes  that  the  common  jar  cannot  be 
tiled  for. 

When  a greater  degree  of  eleftric  force  is  re-  l 
quired,  larger  jars  mult  be  ufed,  in  which  the 
form  is  of  no  conlequence,  except  as  far  as  re- 
lates  AO  convenience.  But  it  is  lels  expenlive, 

and 
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and  nearly*  as  effe(5lual,  to  ufe  a number  of 
fmalier  jars,  having  the  fame  quantity  of  coated 
lurface  as  the  large  jars.  In  this  cafe,  a com- 
munication muft  be  formed  between  all  the  put- 
fide  coatings,  which  may  be  done  by  placing  thenn 
on  a Hand  of  metal ; and  alfo  between  all  the  inner 
coatings,  which  is  bell  done  by  means  of  wires. 
Such  a colledlion  is  called  a battery,  and  may  be 
charged  and  difeharged  like  a fingle  jar. 

M In  difeharging  eleftrical  jars,  the  eleclricity 
goes  in  the  greateft  quantity  through  the  beft  con- 
duftors,  and  by  the  fliorteft  courfe.  Thus,  if  a 
chain  and  a wire,  communicating  with  the  outer 
coating,  be  prefented  to  the  knob  of  a jar,  the 
greater  part  of  the,  charge  will  pafs  by  the  wire 
and  very  little  by  the  chain,  which  is  a worfe  con- 
dudtor,  by  reafon  of  its  difeontinuation  at  every 
link.  When  the  difeharge  is  made  by  the  chain 
only,  fparks  are  feen  at  every  link,  which  is  a 
proof  that  they  are  not  in  conta(51; ; and  as  the  chain 
muft  be  ftretched  by  a confiderable  force  before 

N the  fparks  ceafe  to  appear  on  the  difeharge,  it  fol- 
lows that  there  is  a repiilfive  power  in  bodies, 
by  which  they  are  prevented  from  coming  into 
contaft,  unlefs  by  force,  as  has  been  obferved  in 
the  former  part  of  this  treatife  (i.  14,  a;  i.  48, 

A,  B.) 

o By  accurate  experiments  it  appears,  that  the 
force  of  the  eledtric  fliock  is  weakened,  that  is, 
its  effedfs  are  diminilhed,  by  ufmg  a condudtor  of 

great 
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great  length  in  making  the  difcharge.  Yet,  a 
very  confiderable  fhock  was  given  by  the  Abbe 
Nolet,  in  the  prefence  of  the  French  King,  to  one 
hundred  and  eighty  men ; the  firft  of  whom  formed 
a communication  with  the  outer  coaling,  the  reft 
joining  hands  in  a circular  line,  and  the  laft  touch- 
ed the  knob  of  the  inner  coating.  They  were  all 
Ihocked  at  the  fame  inftant.  Dr.  Watfon,  and 
many  other  gentlemen  of  eminence  in  the  philo- 
fophical  world,  were  at  the  pains  of  making  ex- 
periments of  the  fame  kind,  but  much  more  ac- 
curate. They  found,  by  means  of  w?l*e  infulated  p 
on  baked  wood,  that  the  eleflric  fhock  was  tranf- 
mitted  inftantaneoufly  through  the  length  of  12276 
feet. 

When  any  animal  or  fubftance  is  to  be  fubjedled  q 
to  the  fhock,  it  is  ufually  done  by  means  of  two 
chains,  one  of  w'hich  connects  one  extremity  of 
the  animal  or  fubftance  with  the  outer  coating, 
and  the  other  being  faftened  to,  or  laid  on,  the 
other  extremity,  is  applied  to  the  knob  of  the  in- 
ner coating  to  make  the  difcharge.  The  animal 
or  fubftance  thus  forming  a part  of  the  circuit, 
receives  the  whole  fhock.  The  ftrong  fhock  of  a R 
battery  w'ili  melt  wire  of  the  feventieth  of  an  inch 
in  diameter,  and  wires  of  lefs  diameters  are  fre- 
quently blown  away,  and  difperfed.  Gunpowder  s 
may  be  fired  by  a charge  of  three  fquare  feet: 
the  method  is,  to  put  it  into  a quill,  and  thurft  a 
wire  into  each  end,  fo  as  not  to  meet,  and  then 
make  thefe  w'ires  a pan  of  the  circuit.  A lels 

charge 
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charge  will  ferve  if  iron  filings  be  mixed  with  the 
T gunpowder.  Spirit  of  wine,  ether,  or  a mixture 
of  common  and  inflammable  air,  may  alfo  be  fired 
by  the  fame  means,  or  even  by  the  fpaik  from  the 
condu6tor.  Yet,  it  feems  probable  in  thefe  cafes^ 
that  inflammation  does  not  take  place  becaufe  the 
elediric  matter  is  fire,  or  in  an  ignited  ftate,  but 
becaufe  its  extreme  velocity  excites  that  inteftine 
motion  which  raifes  the  temperature  of  bodies 
(I2I,  c,  D,  e). 

u If  the  ball  of  a thermometer  be  placed  in  a 
flrong  current  of  eledricity,  the  mercury  or  fpirit 
will  rife  many  degrees  *. 

V A flrong  fhock  gives  polarity  to  fmall  needles* 
w Eledlricity  will  pafs  by  means  of  non-ele6trics 
that  are  fo  fmall  as  to  be  deflroyed  by  its  paffage, 
as  has  jufl  been  inflanced  in  wires : the  force  of 
the  explofion  in  thefe  inftances  is  very  confiderable, 
and  is  termed  the  lateral  force  of  electricity.  The 
following  is  a proof  of  this,  and  may  be  exhibited 
with  lefs  than  a fquare  foot  of  coated  ghifs,  if 
X well  charged.  At  the  glafs-houfe  there  is  ufually 
' a great  number  of  folid  flicks  of  glafs,  about  a 
quarter  of  an  inch  diameter ; if  thefe  be  examined 
narrowly,  feveral  of  them  will  be  found  to  be 
tubular  for  a confiderable  length,  but  the  diameter 
of  the  cavity  feldom  exceeds  the  200th  part  of 
an  inch.  SeleCt  thefe,  and  break  off  the  tubular 

• From  67  to  99  degrees,  in  a fmall  mercurial  thermo- 
meter. See  Nairne’s  Defcriptioii  of  his  Electrical  Machine. 
London,  1783. 
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part,  which  may  be  filled  with  quickfilver  by  fuck- 
ing; care  being  taken  that  no  wet  previoufly  in- 
finuates  itfelf,  and  then  fend  the  fiiock  through  this 
finall  thread  of  quickfilver,  which  will  inftantly  be 
difploded,  and  will  break  or  fplit  the  tube  in  a 
curious  manner. 

If  a piece  of  the  common  glafi  tube  be  drawn  y 
out  very  fmall,  by  means  of  the  blow-pipe,  and 
then  filled  with  mercury,  the  Ihock  will  caule 
both  the  mercury  and  the  tube  to  difappear  in  the 
explofionj  nothing  being  feen  but  fmoke  or  va- 
pour. 

An  experiment  fimilar  to  thefe  may  be  made  z 
'with  a glafs-tube  filled  with  water.  Take  a fmall 
glafs-tube,  whofe  cavity  is  about  a quarter  of  an 
inch  in  diameter,  fill  it  with  water,  and  ftop  the 
end  with  foft  pomatum:  through  the  pomatum 
infert  two  wires,  that  they  may  almofi:  touch  each 
other,  and  make  their  ends  a part  of  the  circuit  in 
the  difcharge  of  a ftrong  fliock,  from  about  mo 
feet  fquare  of  coated  glafs;  the  confequence  will 
be,  that  the  water  will  be  difperfed  in  every  direc- 
tion, and  the  tube  blown  to  pieces,  particularly  in 
the  middle,  near  the  difcontinuation  of  the  wire : 
the  ends  with  the  wires  and  ppmatum  will  fome- 
times  be  found  undifturbed.  This  is  a ftrikingin- 
ftance  of  the  velocity  and  force  with  which  the 
-eledlric  matter  is  moved  (i.  40). 

This  property,  of  being  charged  and  difcharged,  a 
is  not  peculiar  to  glafs,  but  is  common  to  all  other 
eleitrics. 

• If 
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j»  ' If  a thin  bottle  be  exhaufted  of  air  by  means  of 
the  air-pump,  it  will  receive  a confiderable  charge 
by  applying  its  bottom  to  the  eledrified  prime 
condudor,  during  which  time  the  eledric  matter 
will  pafs  through  the  vacuum  betvvt^en  the  hand 
and  the  inner  furface  of  that  part  of  tlie  glafs 
B which  is  neareft  the  prime  condudor.  This  ap- 
pearance, whofe  caufe  has  already  been  in  feme 
degree  explained  (318),  is  exceedingly  beau- 
tiful in  the  dark,  efpecially  if  the  bottle  be  of  a 
confiderable  length.  It  exadly  refembles  thofc 
' lights  which  appear  in  the  northern  Iky,  and  are 
called  ftreamers,  or  the  aurora  borealis.  If  one 
hand  be  applied  to  the  part  of  the  bottle  which 
was  applied  to  the  condudor,  while  the  other  re- 
mains at  the  neck,  the  Ihock  will  be  felt,  at  which 
inftant  the  natural  Hate  of  the  inner  furface  is 
reftored  by  a flafh,  which  is  feen  pervading  the 
vacuum  between  the  two  hands, 
c The  eledric  Ihock  may  be  given  from  a plate 
of  air,  by  means  of  two  large  plates  of  metal, 
or  rather  boards  covered  with  tinfoil  5 one  of 
which  is  to  be  fufpended  to  the  prime  condudor, 
and  the  other  placed  parallel  to  it  on  an  uninfu- 
lated  Hand,  at  a convenient  diftance.  Thefe 
boards  may  be  regarded  as  the  coatings  of  the 
plate  of  air  contained  between  them,  and  if  a com- 
munication be  formed  between  them,  by  touching 
the  uninfulated  board  with  one  hand,  and  apply- 
ing the  other  hand  to  the  condudor,  the  Ihock  will 
be  felt  accordingly.  It  is  almoft  unneceflary-  to 
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obferve,  that  if  the  eledricity  be  powerfii],  or 
the  diftance  between  the  plates  fmall,  the  charge 
will  pafs  from  the  one  to  the  other  in  a fpark 
through  the  air. 

If  we  compare  this  experiment  with  what  has  d 
already  been  obferved  refpe(5ting  the  charging  an  .1 
difcharging  eledtric  bodies,  it  will  appear  that  moft 
of  the  eledtric  phenomena  are  the  confequenccs 
of  the  air  being  charged.  Thus,  the  prime  con- 
dudlor  imparts  its  eledlricity  to  the  furface  of  air 
immediately  contiguous,  and  when  the  fpark  is 
drawn  the  difcharge  is  made  to  the  non-eledlrics, 
namely,  the  floor  and  wainfcot  of  the  room,  which 
are  in  contadt  with  the  oppofite  furface.  The 
charge  of  eledlrics  has  already  been  obferved  to  be 
greater,  (323,  t)  the  nearer  the  furfaces  are  to  each 
other;  thus,  glafs  beyond  half  an  inch  thicknefs 
can  fcarcely  be  charged  by  our  machines : in  like  e 
manner,  the  difcharge,  that  is  to  fay,  the  fpark 
from  the  condudtor,  will  be  greater,  when  a large 
company  Hand  about  it  than  at  other  times,  the 
body  of  air  which  is  interpofed  between  the  con- 
dudtor and  the  neareft  uninfulated  non-eledtrics 
being  then  lefs  in  thicknefs  than  at  other  times. 

It  follows  alfo,  that  a large  condudtor  will  give  f 
a larger  fpark  than  a lefs;  the  difcharge  being 
from  a furface  proportionally  greater.  And  fince 
this  difcharge  confifts  chiefly  of  the  eledtric  mat- 
ter, refiding  at,  or  near  the  furface  of  contadt, 
and  little,  if  at  all,  of  that  w'hich  may  be  within  the 
fubftance  of  the  condudtor,  it  is  of  no  confequence  g 
VoL.  n,  Z whether 
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whether  the  condiiftor  be  a folid  non.eledtric  or 
hollow,  provided  the  lurface  be  unaltered  in  form 
and  magnitude.  Hollow  cylinders  of  copper,  or 
tin,  or  wood,  or  pafteboard,  covered  with  tinfoil, 
or  ftrongly  gilt,  are  the  condu6lors  generally  in 
ufe. 

H It  is  a confequence  of  the  air  being  charged  that 
broad  non-ele6tric  furfaces  draw  large  fparks  from 
the  condudlor;  for  the  fparks  are  the  difcharges 
of  a large  plate  of  interpofed  air.  A lefs  furface 
will  draw  a lefs  fpark,  but  becaufe  the  fame  ma- 
chine charges  lefs  furfaces  higher  than  greater,  the 
fpontaneous  difcliarge  through  the  body  of  the  elec- 
tric air  will  be  made  at  a greater  diftance  of  the  fur- 
faces, that  is  to  fay,  the  fparks  will  be  longer. 
If  the  furface  of  the  non-eledlric  prefented  be  yet 
lefs,  the  fparks,  for  the  fame  reafon,  will  be  lefs, 
and  emitted  to  a {till  greater  diftance.  And  if  the 
furface  be  indefinitely  fmall,  or,  in  other  words, 
if  the  non-eledtric  be  pointed,  the  fpark  may  be 
fo  fmall  as  to  be  invifible,  and  the  diftance  to 

I which  it  can  be  emitted  may  be  unlimited.  The 
effed  of  pointed  bodies  feems  to  depend  on  cir- 
cumftances  of  this  nature j but  the  reafon  of  the 
different  appearances  of  the  light  on  points  elec- 
trified, pofitively  or  negatively,  ftill  remains  a diffi- 
culty. 
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CHAP.  VI. 


AN  ACCOUNT  OF  SEVERAL  INSTRUMENTS,  AND  OF 
THE  PRODUCING  AN  ELECTRIC  STATE  WITHOUT 
EVIDENT  FRICTION. 


HE  condenfer  is  and  inftrument  of  the  fame  k 


kind  as  the  eledirophorus,  but  differently 
iifed.  For  inftead  of  the  interpofed  eledlric  be- 
ing  previoLilly  charged,  it  is  of  great  importance 
here,  that  it  ihould  be  perfedtiy  in  the  natural 
ftate.  In  this  fituation  if  the  upper  conducing 
plate  be  connedled  with  a ‘larger  body  weakly 
eledlrified,  while  the  lower  plate  is  uninfulated, 
the  upper  will  receive  the  eledtric  ftate,  and  on 
being  feparatcd  or  lifted  up,  will  exhibit  it  with  a 
much  higher  degree  of  intenfity.  So  that  very 
fmall  degrees  of  eledlricity  may  be  rendered  fen- 
lible  by  this  admirable  contrivance. 

To  explain  the  caufe  of  this,  it  muft  be  rccol-  l 
ledled  that  the  adlion  ot  a neighbouring  condudtor 
(322,  r)  diminifties  the  intenfity  of  the  eledlric 
ftate  in  another  condudtor,  more  efpecially  if  the' 
former  be  uninfulated.  The  eledtrified  infulated 
conductor  will  .therefore  admit  of  a more  con- 
fiderable  degree  of  eledtrization  before  its  intenfity 
can  be  rendered  equal  to  what  it  w'as  when  folitary. 
Suppofe  this  done,  and  the  additional  condudlor 
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then  removed,  and  it  is  evident  that  the  eleflrified 
conduftor  will,  by  the  uniform  diffufion  of  the 
eledlricity,  be  left  in  a higher  ftate  of  eledrization 
than  it  would  have  acquired  by  the  fame  means 
without  the  alTiftance  of  the  uninfulated  conduc- 
M tor.  The  two  plates  of  the  condenfer  are  in  thefe 
circumftances : the  upper  receives  more  elec- 
tricity, becaufe  of  the  vicinity  of  the  lower,  and 
(hews  a greater  intenfity  when  removed  out  of 
that  vicinity. 

N To  accompiifh  this  purpofe,  in  the  moft  effec- 
tual manner,  it  is  neceffary  that  the  interpofed  elec- 
tric be  very  thin  (323,  t)  and  that  the  furfaces  be 
well  adapted  to  each  other.  The  eleftric  may 
be  a coat  of  varnifh  laid  on  the  lower  or  upper 
plate,  or  a thin  filk  faftened  to  the  furface  of  the 
upper. 

o If  the  ele(5i:ricity  be  ftrong  enough  to  charge 
the  eledtric,  the  acquifition  of  the  eledtric  ftate  by 
the  metal  will  be  counteradted  on  the  cledlrophorus 
principle,  and  the  charge  will  tend  greatly  to  di- 
fturb  and  falfify  the  refults  of  experiments  made 
while  it  remains.  A flight  warming  of  the  varnilli, 
either  by  the  fun  or  any  other  gentle  heat,  will 
however  diffipate  it.  But  the  beft  remedy  for 
’ this,  is  to  life  fuch  an  apparatus  as  will  neither 
retain  a charge  nor  fuffer  the  metallic  plate  to  ob- 
tain a higher  eledlric  ftate  than  it  can  carry  oft'  on 
its  feparation. 

r The  fagacious  inventor  has  therefore  fubftituted 
inftead  of  the  lower  or  fixed  part  of  the  apparatus, 

a piece 
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a piece  of  dry  marble,  or  marble  varnifbed  with 
copal  varnifli  and  kept  in  an  oven  for  a Ihort  time, 
or  very  dry  wood.  Here  the  very  thin  ftratum  of 
air  between  the  metal  plate  and  the  fubftance  it 
refts  on,  feems  to  fupply  the  place  of  the  eie(5lric, 
and  the  imperfedlly  conducing  power  of  the  mar- 
ble or  the  wood,  prevents  any  charge  from  being 
accumulated.  This  laft  apparatus  alfo  performs 
its  office  better  than  the  other. 

To  ufe  this  inftrument  the  metallic  plate  is 
to  be  laid  on  the  marble  or  varniffied  metal,  and 
a connexion  formed  between  the  upper  plate  and 
the  body  whofe  eleflricity  is  to  be  examined. 
This  connedlion  may  remain  eight  or  ten  minutes, 
or  longer,  if  the  eleflricity  be  very  weak,  and  then 
be  removed.  The  metal  plate  being  lifted  up, 
will  exhibit  figns  of  eleflricity  if  the  connefled 
body  were  in  an  eleflric  flate^k 

Various  inftruments  have  been  contrived  to  dif-  r 
cover  the  prefence  of  eleflricity,  together  with  its 
intenfity  and  kind.  Thefe  have  been  adapted  to 
obferve  either  the  attraflion,  or  repiilfion,  or  the 
length  and  figure  of  the  fpark. 


* The  eleftrophorus  and  condenfer  were  invented  by  Mr. 
Alexander  Volta,  Profe/Tor  of  Experimental  Philofophy  at 
Como,  &c.  This  laft  inftrument  is  honourable  to  its  inven- 
tor, not  only  on  account  of  the  extenfively  ufeful  purpofes  to 
which  it  has  been  and  may  be  applied;  but  likewife  becaufc 
it  was  difeovered,  not  cafually,  like  moft  other  electrical  ap- 
paratus, but  in  confequence  of  fcientiftc  deduftion  and  rea- 
foning.  See  Phil.  Tranf.  Vol.  72,  Part  i.  or  Cavallo’s  Elec- 
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s Small  degrees  of  eleftrlcity  are  very  well  fliewrt 
' by  the  divergence  of  two  fine  hempen-threads, 
T fiifpended  together  from  the  conduftor.  If  little 
balls  of  pith  or  cork  be  faftened  to  the  ends  of  the 
threads,  they  will  ferve  to  denote  ftill  greater  in- 
tenfities,  as  ‘they  will  not  fo  foon  arrive  at  their 
u.utmofl;  divergence  by  the  mutual  repulfioh.  Fig. 
167,  is  a very  ufeful  eledrometer  upon  this  prin- 
ciple. It  confifts  of  an  upright  ftick  of  box- 
wood, A B,  on  one  fide. of  which  is  affixed  a 
graduated  fcmi-circlej  d is  a ball  of  pith  or  cork, 
and  is  ftuck  upon  the  end  of^a  fmall  rod  or  radius 
of  wood,  which,  by  means  of  a fmall  axis  at  c,  is 
moveable  in  a plane  parallel  to  that  of  the  femi- 
circle.  This  electrometer  is  fixed  upright  on  the 
prime  conduCtor;  the  radius  will  therefore  hang 
perpendicularly  down  when  it  is  not  eleCtrified; 
and  according  to  the  intenfity  of  the  eleflric  ftate 
given  to  the  conductor,  the  repul  fion  mufi;  caufe 
the  ball  to  afeend.  The  afeent  will  be  marked  by 
the  graduations. 

V This  eledrometer,  though  very  ufeful,  has  the 
imperfedion  of  being  lefs  fcnfible  of  the  changes 
of  eledricity  when  ‘the  intenfity  is  confiderable, 
than  when  the  repulfion  at  the  beginning  of  the 
fcale  ads  at  right  angles  to  the  radius.  It  has 
alfo  another  inconvenience  common  to  all  elec- 
trometers, namely,  the  want  of  a flandard  of  ori- 
ginal adjuftment,  by  means  of  which  all  inftru- 
ments  of  the  kind  may  indicate  the  fame  intenfity 
in  fimilar  circumflances. 

Fig. 
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' Fig.  1 68  reprefents  an  eleftrometer  for  mea-  w 
lijring  the  length  of  the  fpark.  a repreftnts  a fec- 
tion  of  the  prime  conduftor ; the  wooden  idem  b 
being  inferted  therein.  The  bent  part  d is  var- 
niflied  glafs.  Through  a wooden  collar  c pafles 
a wire  that  carries  a ball  of  metal  e,  which  may- 
be fet  at  different  diftances  as  required.  A chain 
may  be  hung  on  the  outer  part  f.  This  eledlro- 
meter  is  chiefly  ufeful  for  fhocks,  greater  or  lefs  as 
may  be  required.  For  this  pnrpofe  the  knob  of 
the  jar  muft  be  in  contadt  with  the  prime  conduc-  . 
tor,  and  a chain  from  f muft  touch  the  external 
coating.  When  the  charge  is  fufficiently  high, 
the  explofion  will  be  made  through  the  inteiwal 
between  a and  e. 

Fig.  169,  is  a very  fenfible  eledtrometer,  well  x 
adapted  for  the  obfervation  of  the  prefence  and 
quality  of  either  natural  or  artificial  eledlricity.  aec 
is  the  brafs  cafe  containing  the  inflrument.  When 
the  part  ab  is  unferewed  and  the  eledtrometer  taken 
out,  it  appears  as  reprefented  in  abdc.  A glafs 
tube  CD  N M is  cemented  into  the  piece  a b.  The 
upper  part  of  the  tube  is  fhaped  tapering  to  a 
fmall  extremity,  which  is  entirely  covered  with  feal- 
ing-wax.  Into  this  tapering  part  a fmall  tube  of 
glafs  is  cemented  i the  lower  extremity  being  alfo 
covered  with  fealing-wax,  projedts  a fmall  way 
within  the  tube  cdmn.  Into  this  imaller  tube  a 
v.^ire  is  cemented,  which,  with  its  under  extremity, 
touches  a flat  piece  of  ivory  H,faftened  to  the  tube 
by  means  of  a cork,  The  upper  extremity  of  the 
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wire  projefts  about  a quarter  of  an  inch  above 
the  tube,  and  ferews  into  the  brafs  cap  e f,  which 
cap  is  open  at  the  bottom,  and  ferves  to  defend 
the  waxed  part  of  the  inftrument  from  the  rain,  &c. 

From  H are  hung  two  fine  filver  wires,  having  very 

» 

finall  corks  at  their  lower  ends,  which  by  their  re- 
pulfion  fiicws  the  eledlricity.  i m and  i n are  tw’O 
flips  of  tin-foil  ftuck  to  the  infide  of  the  glafs,  and 
communicating  with  the  brafs  bottom  a b.  They 
ferve  to  convey  that  electricity,  which,  when  the 
corks  touch  the  glafs,  is  communicated  to  it  and 
might  difturb  their  free  motion, 
y To  ufe  this  inflrument  for  artificial  eleCtricity, 
bring  a body  in  an  eleCtric  ftate  (a  ftick  of  fealing- 
Vv’ax,  previoufly  rubbed,  is  as  convenient  as  any) 
near  the  brafs  capi  the  corks  (321,  o)  will  di- 
verge with  the  fame  eleCtricity  till  one  of  them 
touches  the  tinfoil  i m or  i n,  v/hen  they  will  im- 
mediately collapfe.  Remove  the  eleCtrified  body, 
and  the  corks  will  again  diverge  with  the  contrary  > 
electricity.  In  this  fituation,  fuppofing  fealing- 
wax  to  have  been  ufed,  a body  pofiTefTed  of  the 
pofitive  electricity  being  brought  near  the  cap 
will  caufe  the  corks  to  diverge  ftill  more;  but  if 
negative,  it  will  caufe  them  to  approach  nearer  to 
each  other, 

z When  this  elcClrometer  is  to  be  ufed  to  try  the 
electricity  of  the  fogs,  air,  clouds,  &c.  the  obferver 
is  to  do  nothing  more  than  to  unferew  it  from  its 
cafe  and  hold  it  by  the  bottom  a b,  to  prefent  it 
to  the  air  in  an  open  place  a little  above  his  head, 

fo 
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fo  that  he  may  conveniently  lee  the  corks  p.  A 
very  fmall  degree  of  eleftricity  will  caufe  them  to 
diverge,  and  its  quality  may  be  afcertained  by 
bringing  an  excited  flick  of  fealing-wax,  or  other 
eledlric,  towards  the  cap  ef. 

The  ingenious  eledlrician  who  is  not  provided  a 
with  the  inflruments  here  defcribed,  may  fupply 
their  place  by  contrivances  which  a knowledge  of 
the  general  fafts  will  eafily  indicate.  Strong  elec- 
tricities may  be  diflinguifhed  by  the  light  at  the 
extremities  of  pointed  bodies,  and  for  lefs  intenfi- 
ties  a downy  feather  may  be  fufpended  by  a fine 
thread  of  filk.  This  being  eleftrified,  by  bringing 
it  in  contafl  with  the  cylinder  or  conduflor  of  a 
machine,  will  preferve  its  eleflric  ftate  for  a con- 
fiderable  timej  during  which  it  will  be  repelled 
by  bodies  in  the  fame  ftate,  and  attrafted  by  all  , 
others. 

We  fhall  fihifh  this  general  account  of  artifi-  b 
cial  eledlricity  with  pointing  out  fome  of  the  other 
means  of  producing  it,  which  do  not  feem  referable 
to  the  ufual  method  of  excitation. 

The  efcape  of  vapor  or  elaftic  fluid  from  bodies  c 
in  a ftate  of  combuftion,  from  water  thrown  on 
hot  coals,  or  from  chemical  menftrua  in  a ftate 
of  effervefcence,  leaves  the  refidue  negatively  elec- 
trified. Thefe  important  fafls  feem  to  point  at  a 
general  law  of  eleflricity,  that  may  tend  in  future 
to  explain  the  phenomena  in  which  heat  is  latent 
(i  17,  t),  and  to  which  it  bears  a ftriking  analogy  *. 

* Thedifcovery  of  Sig.  Volta.  See  Phil*  Tranf.  vol.  72. 

It 
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D It  appears  to  be  a fair  dedu6lion  from  thefe 
fafts,  that  as  bodies  take  up  eledricity  when  they 
aflume  an  elaftic  form,  fo  they  miift  depofit  it  when 
they  are  again  condenfed.  The  experiments,  how- 
ever, to  afeertain  this  have  not  yet  been  made. 

E Sulphur  melted  in  an  earthen  veffel,  and  placed 
to  cool  upon  uninfulated  conductors,  is  ftrongly 
eleCtric  when  taken  out,  but  is  not  fo  when  it  has 
ftood  to  cool  upon  eleClric  fubftances. 

j Sulphur  melted  in  a glafs  veflel  acquires  a ftrong 
electricity  in  the  circumftances  above  mentioned, 
whether  the  veflel  be  placed  on  eleCtrics  or  not ; 
but  ftronger  in  the  former  cafe.  This  eleClricity 
is  yet  ftronger,  if  the  glafs  be  coated  with  metal. 
In  thefe  cafes  the  glafs  is  always  pofitive,  and  the 
fulphur  negative.  It  is  particularly  remarkable, 
that  the  fulphur  acquires  no  eleCtricity  till  it  be- 
gins to  cool  and  contraCt,  and  is  the  ftrongeft  at 
the  time  of  the  greateft  contraClion : whereas  the 
electricity  of  the  glafs  is  at  that  time  weakeft,  and 
is  the  ftrongeft  of  all  when  the  fulphur  is  fliaken 
out  before  it  begins  to  contraCt,  or  has  acquired 
any  negative  eleCtricity*. 

G It  has  been  obfervxd,  that  filk  or  worfted  ftock- 
ings  become  eleCtrical  after  being  worn  fome 
hours,  more  particularly  the  filk,  as  docs  alfo  a 
beaver  fhirt  worn  between  two  others.  If  a white 
and  a black  filk  ftocking  be  worn  on  the  fame  leg, 
they  obtain  contrary  electricities.  When  drawn 
off  together,  they  ftiew  very  little  figns  of  elec- 

• Thefe  facts  are  denied  by  Volta,  in  Phil.  Tranf.  vol.  72. 

tricitv, 
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tficity,  but,  upon  feparating  them,  each  indicated 
an  eledlrical  ftate  fo  ftrongly,  that  the  repulfion 
inflates  them,  lb  as  to  exhibit  the  intire  lhape  of 
the  leg.  If  the  two  ftockings  be  allowed  to  come 
together,  they  ftrongly  attradl  each  other,  the  in- 
flation fubfides,  and  they  ftick  very  clofcly  toge- 
ther ; in  which  fituation  they  retain  their  elec- 
tric ftate,  notwithftanding  the  approach  of  the 
jfharpeft  metallic  point.  A fecond  feparation  again 
exhibits  their  refpedive  eleftricities  as  before; 
and  this  may  be  done  feveral  times  without  much 
diminiftiing  their  eledricities.  The  eledlricity  of 
the  black  ftocking  is  negative,  and  of  the  white 
pofitive. 

The  tourmalin  is  a hard  gem,  cither  pel- 
lucid or  opake,  of  a red  colour,  and  is  brought 
from  the  ifland  of  Ceylon,  by  the  Dutch.  It  pof- 
fefles  the  property  of  afluming  an  eleclric  ftate  if 
heated ; one  fide  of  it  becoming  pofitive,  and 
the  other  negative.  If  this  eleftric  ftate  be  taken 
off  by  contad,  the  ftone  will  become  eleblric  as 
it  cools;  but  with  this  difference,  that  the  fide, 
which,  during  the  heating  was  pofitive,  will  now 
be  negative,  and  the  other  fide  pofitive,  which 
before  was  negative.  But  if  the  eledtric  ftate,  be 
not  taken  off,  the  fame  kind  of  eledlricity  will  be 
found  on  the  fame  fide  during  the  whole  time  of 
heating  and  cooling.  Either  fide  of  the  tour- 
malin will  become  pofitive  by  fridlion,  and  botli 
mav  be  made  fo  at  the  fame  time. 


Thefe 
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I Thefe  are  the  chief  properties  of  this  very  re- 
markable ftone,  which  are  alfo  common  to  the 
Brazil  topaz,  and  fome  other  gems.  There  are 
feveral  important  particulars  relative  to  this  and 
every  other  branch  of  eleftrical  knowledge,  which 
cannot  be  enumerated  and  defcribed,  in  an  intro- 
ductory book,  on  account  of  the  great  length  of 
detail  they  would  require.  For  thefe,  the  ftudent 
muft  have  recourfe  to  treatifes  written  exprefsly 
on  this  fubjeCt.  There  are  alfo  a number  of  fan- 
ciful and  pleafing  variations  of  the  common  ex- 
periments. Bells  are  rung  by  an  infulated  clap- 
per, which  is  alternately  attracted  and  repelled  be- 
tween two  bells  in  oppofite  ftates  of  eleCtricity  ; 
figures  cut  in  paper  are  made  to  dance  by  the 
attraction  and  repul fion  between  two  metallic 
plates  j light  mills  of  pafteboard  are  driven  round 
by  the  current  of  air  from  eleCtrified  points,  &c. 
&c.  particular  accounts 'of  all  which  may  be  had 
in  pamphlets,  which  are  frequently  fold  by  the 
makers  of  the  eleCtrical  apparatus 

• For  a fuller  account  of  eleftrical  difcov’^eries  and  appa- 
ratus, confult  Prieftley’s  Hiftory  of  Eledricity ; Adams’s 
Effay  on  Eledricity ; or  Cavallo’s  Complete  Treatife. 
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OF  NATURAL  ELECTRICITY}  AND  OF  THE  IDEN- 
TITY OF  LIGHTNING  AND  THE  ELECTRIC  MAT- 
TER. 

That  eleftriclty  is  no  trivial  or  confined  k 
fubjea,  muft  appear  from  what  has  already 
been  faid,  fmce  there  is  no  body  in  nature  that  is 
not  a61:ed  upon  by  it,  either  as  a conduftor  or  non- 
condu6tor.  The  importance  of  the  eledtric  matter 
in  the  fyftem  of  the  world  is  more  particularly 
confirmed  by  obfervations  on  thofe  phenomena 
which  take  place  without  the  concurrent  operation 
of  man.  Of  thefe  it  will  be  proper  to  give  fome 
account. 

Several  fifhes  poffefs  the  property  of  giving  l 
the  elearic  fhock.  The  torpedo,  or  numbing 
filh,  and  one  or  more  fpecies  of  eels,  from  Suri- 
nam, if  touched  by  the  hand,  a metal  rod,  or  any 
other  conduftor,  give  a confiderable  fhock  to  the 
arm,  but  may  be  fafely  touched  by  means  of  a 
ftick  of  fealing-wax.  The  fhock  depends  on  the 
will  of  the  fifh,  and  is  tranfmitted  to  a great  di- 
ftance,  fo  that  if  perfons  in  a fliip  happen  to  dip 
their  fingers  or  feet  in  the  fea,  when  the  fifh  is 
fwimming  at  the  diftance  of  fifteen  feet,  they  are 
affeaed  by  it. 

Many 
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M Many  diforders  of  the  human  frame  have  been 
cured  or  relieved  by  cledtricity.  In  all  cafes,  ex- 
cept thofe  called  nervous,  the  eje^tric  wind  from 
a wooden  or  metallic  point,  the  fpark  or  gentle 
fhocks  may  be  fafely  adminiftered  without  fear  of 
doing  harm,  if  no  good  effedt  fhould  be  produced. 
This  remedy  feems  peculiarly  applicable  to  local 
diforders,  fuch  as  fwellings,  contradlions,  rheu- 
matic and  other  pains,  palfies,  &c.  in  which  its 
efFedts  are  very  often  wonderfully  fudden  and  bene- 
ficial. The  fpark  or  fmall  fhocks  through  the 
pelvis,  regulated  according  to  the  feelings  of  the 
patient,  are  faid  to  be  an  infallible  cure  for  the 
fuppreflion  of  the  catamenia  j and  it  is  certain 
that  in  many  deplorable  cafes  it  has  effedted  a 
cure.  It  is  generally  admitted  as  a rule  in  the 
application  of  eledlricity,  that  it  ought  never  to 
be  fo  ftrong  as  to  be  difagrceable  to  the  patient 
in  any  confiderable  degree. 

N But  the  moft  remarkable  appearances  of  elec- 
tricity, which  are  viewed  with  furprife  and  admi- 
ration by  all  ranks  of  people,  are  thofe  which  may 
be  termed  atmofpherical,  as  for  the  moft  part 
cxifting  in,  or  depending  on,  the  ftate  of  the  at- 
mofphcre.  Lightning  is  proved  to  be  an  eledlric 
phenomenon,  and  there  is  little  doubt  but  the  au- 
rora-borealis, whirlwinds,  water-fpouts,  and  earth- 
quakes, depend  on  the  fame  principle. 

o The  refemblance  between  the  eledlric  fpark  and 
lightning,  is  fo  obvious,  that  we  find  it  among  the 
•a;  lieft  obftrvations  on  the  fubjedl  j but  the  proof 

of 
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of  the  important  theorem  of  their  indentity  was  re- 
ferved  for  Dr.  Franklin,  who  is  fo  juftly  cele- 
brated for  his  many  difcoveries  in  this  branch  of 
natural  philofophy.  He  firft  oblerved  the  power 
of  uninfulated  points,  in  drawing  off  the  eleftri- 
city  from  bodies  at  great  diftances,  and  thence  in- 
ferred that  a pointed  metallic  bar,  if  infulated  at 
a confiderable  height  in  the  air,  would  become 
eledbrical  by  communication  from  the  clouds  dur- 
ing a thunder-ftorm.  He  communicated  this 
thought  to  the  public  j and  feveral  machines,  con- 
fifting  of  infulated  iron  bars,  erected  perpendicu- 
lar to  the  horizon,  and  pointed  at  top,  were  fet 
up  in  different  parts  of  France  and  England.  The  p 
firft  apparatus  that  was  favored  with  a vifit  from 
this  ethereal  matter,  was  that  of  Monf.  Dalibard, 
at  Marly  la  Ville,  about  fix  leagues  from  Paris. 

It  confifted  of  a bar  of  the  length  of  forty  feet, 
and  was  eleftrified  on  the  tenth  of  May,  1752,  for 
the  fpace  of  lialf  an  hour,  during  which  time  the 
longeft  fparks  it  emitted  meafured  about  two 
inches. 

Dr.  Franklin,  after  having  publiflied  the  me- 
thod  of  verifying  his  hypothefs  concerning  the 
famenefs  of  elcftricity  with  the  matter  of  light- 
ning, was  waiting  for  the  ereftion  of  a fpire  in 
Philadelphia  to  carry  his  views  into  execution;  not 
imagining  that  a pointed  rod  of  a moderate  height 
could  anfwer  the  purpole  j when  it  occurred  to 
him,  that  by  means  of  a common  kite  he  could 

have  a readier  and  better  accefs  to  .the  regions  of 

thunder, 
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thunder,  than  by  any  fpire  whatever.  Preparing 
therefore  a large  filk  handkerchief,  and  two  crofs 
flicks  of  a proper  length,  on  which  to  extend  it  j 
he  took  the  opportunity  of  the  firft  approaching 
thunder-ftorm,  to  walk  into  a field  in  which  there 
was  a filed  convenient  for  his  purpofe.  But,  dread-» 
ing  the  ridicule  which  too  commonly  attends  un- 
fuccefsful  attempts  in  fcience,  he  communicated 
his  intended  experiment  to  nobody  but  his  fon, 
who  affifted  him  in  raifing  the  kite. 

The  kite  being  raifed,  the  end  of  the  firing  be- 
ing tied  to  a filk  firing,  which  he  held  in  his  hand, 
and  a fmall  key  being  fafiened  at  the  place  of 
jundtion,  a confiderable  time  elapfed  before  there 
was  any  appearance  of  its  being  eledlrified.  One 
very  promifing  cloud  had  paflTed  over  it  without 
any  effeftj  when,  at  length,  jufi  as  he  was  be- 
ginning to  defpair  of  his  contrivance,  he  obferved 
ibme  loofe  threads  of  the  hempen  firing  to  fiand 
ereft,  and  to  avoid  one  another  jufi  as  if  they  had 
been  fufpended  on  a common  conductor.  Struck 
with  this  promifing  appearance,  he  immediately 
prefented  his  knuckle  to  the  key,  and,  let  the 
reader  judge  of  the  exquifite  pleafure  he  felt  at 
that  moment,  the  difeovery  was  com.plete.  ^ He 
perceived  a very  evident  eleftric  fpark.  Others 
fucceeded,  even  before  the  firing  was  wet,  fo  as 
to  put  the  matter  pafi  all  difpute ; and  v/hen  the 
rain  had  wetted  the  firing,  he  coilefted  the  elec- 
tricity very  copioufly.  This  happened  in  June 
1752,  a month  after  the  eleftricians  in  France  had, 
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verified  the  fame  theory,  but  before  he  had  heard 
of  any  thing  they  had  done. 

The  grand  praftieal  life  which  the  Do6lor  made  s 
of  this  difcovery,  was  to  fecure  buildings  from 
being  damaged  by  lightning,  a thing  of  vaft 
confequence  in  all  parts  of  the  world,  but  more 
elpecially  in  feveral  parts  of  North  America,  where 
thunder-ftorms  are  more  frequent,  and  their  ef- 
fefls,  in  that  dry  air,  more  dreadful^  than  they 
are  ever  known  to  be  with  us. 

This  great  end  is  accomplifhed  by  fo  eafy  a t 
method,  and  by  fo  cheap  and  feemingly  trifling 
apparatus,  as  fixing  a pointed  metalline  rod  higher 
than  any  part  of  the  building,  and  communicating 
with  the  ground,  or  rather  the  neareft  water.  This 
wire  the  lightning  is  fure  to  feize  upon,  preferably 
to  any  other  part  of  the  building,  unlefs  it  be  very 
large  and  extended,  in  which  cafe  wires  may  be 
erefbed  at  each  extremity  j by  which  means  this 
dangerous  power  is  fafely  condufSted  to  the  earth, 
and  diffipated  without  doing  any  harm  to  the 
building. 

' Condufling  rods  are  now  become  very  com^  u 
mon,  both  for  the  purpofe  of  fecuring  buildings, 
and  of  making  obfervations  on  the  ftate  of  the  at- 
mofphere.  The  befi:  of  thofe  which  are  intended 
for  the  latter  purpofe,  is  the  following.  On  the  w 
top  of  any  building,  which  will  be  the  more  con- 
venient if  it  Hand  upon  an  eminence,  erect  a pole 
as  tall  as  a man  can  manage  without  difficulty^ 

' VoL,  II,  A a'  having 
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having  on  the  top  of  It  a folid  piece  of  glafs  or 
baked  wood,  a foot  in  length.  Let  this  be  co- 
vered with  a tin  or  copper  velTel  in  the  form  of  a 
funnel,  to  prevent  its  ever  being  wetted.  Above  this 
let  there  rife  a long  (lender  rod,  terminating  in  a 
pointed  wire,  and  having  a fmall  wire  twilled 
round  its  whole  length,  to  condudl  the  eleftricit)^ 
the  better  to  the  funnel.  From  the  funnel,  let  a 
wire  defeend  along  the  building,  about  a foot 
diftance  from  it,  and  be  conduced  through  an 
open  fadi  into  any  room  which  fhall  be  mod  conve- 
nient for  managing  the  experiments.  In  this 
room  let  a proper  condudlor  be  infulated  and  con- 
nedled,  with  the  wire  coming  in  at  the  window. 
This  wire  and  condudlor,.  being  completely  in- 
fulated,, will  be  eleidrided  whenever  there  is  a con- 
fiderable  quantity  of  eledlricity  in  the  air  j and 
notice  will  be  given  when  it  is  properly  charged^ 
either  by  the  mutual  repulfion  of  two  hTiall  balls 
ef  cork  hung  to  it  by  threads,  or  by  the  ringing 
of  two  fmall  bells,  the  one  fufpended  from,  and 
communicating  with  the  conductor,  and  the  other 
uninfulated ; thefe  bells  will  be  in  oppofite  dates 
of  eleflricity  when  the  conduftor  is  eledlrified, 
and  if  a clapper  or  fmall  metallic  ball  be  hung 
by  a filk  thread  between  them,  it  will  be  alter- 
nately attradled  and  repelled  by  each,  and  conl'e- 
quently  indicate  the  eledlricity  of  the  conductor 
by  ringing.  The.condenfer  (339,  k.)  is  of  excellent 
life  to  afeertain  the  prelence  and  quality  of  atmo- 
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ijDherical  eleftricity  when  the  condudor  is  too 
nightly  eleftrified  to  attradl  a thread,  or  to  exhibit 
any  of  the  ufual  appearances. 

To  make  thefe  experiments  in  perfedt  fafety,  x 
the  eleftrified  wire  fhould  be  brought  within  a few 
inches  of  a conducting  rod,  which  ferves  to  guard 
the  houfe,  that  the  redundant  eleClncity  may  pafs 
off  that  way,  without  ftriking  any  perfon  who  may 
happen  to  ftand  near  it.  The  conductor  to  guard 
the  houfe  fliould  confift  of  a rod,  without  breaks 
or  difcontinuities,  between  one  fourth  and  one 
half  of  an  inch  thick,  if  it  be  of  iron,  but  fiualler 
if  it  be  brafs  or  copper,  terminating  upwards 
in  a lharp  point  about  four  or  five  feet  above  the 
higheft  part  of  the  building ; it  is  convenient  that 
this  point  be  of  gold,  or  gilt,  to  preferve  it  from 
rufting.  The  lower  end  of  the  rod  fhould,  if 
polhble,  be  continued  to  fome  well  or  running 
water,  or  otherwife  it  fhould  be  funk  feveral  feet 
into  the  ground,  at  the  diflance  of  fome  yards 
from  the  building.  It  is  of  no  confequcnce  how 
many  bendings  are  made  in  the  rod,  but  it  is 
much  better  to  faften  it  to  the  outfide  than  the 
infide  of  the  building;  for  thefe  conductors  are 
known  to  emit  fparks  during  thunder-ftorms,  not- 
withflanding  their  infertion  in  the  earth,  from 
which  fatal  confequences  may  be  apprehended 
when  the  eleClric  force  is  very  great. 

It  is  clear,  from  many  inflances,  that  the  lights  y 
which  are  feen  at  the  maft-heads  of  fhips,  and 
on  the  vanes  of  fome  churches  during  thunder, 
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.owe  their  origin  to  the  eleftric  matter  paQing  by 
.means  of  uninfulated  points, 
z The  polarity  of  the  compafs-needles  has  been 
- known,  in  feverai  inftances,  to  have  been  de- 
ftroyed  or  reverfed  by  lightning.  An  efFedt  which, 
as  has  been  obferved,  may  be  produced  by  the 
eledlric  fliock  from  glafs  (334,  v). 

A If  the  electrician  be  defirous  of  making  experi- 
ments- upon  the  eledricity  of  the  atmofphere  to 
greater  exadtnefs,  he  muft  raife  a kite,  by  means 
of  a firing  in  w^hich  a fmall  wire  is  twilled.  The 
lower  extremity  of  this  line  muft  be  filk,  and  the 
wire  muft  terminate  in  fome  metallic  condudlor 
of  fuch  a form  as  Ihall  be  thought  moft  convenient. 
,But  it  is  dangerous  to  raife  it  upon  the  approach  of  a 
thunder-ftorm ; and  upon  this  occafion  the  com- 
mon apparatus  for  drawing  cledtricity  from  the 
.clouds  will  probably  anfwer  e^'ery  intended  pur- 
pofe. 


CHAP. 
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. CHAP.  VIII. 

OF  LIGHTNING,  AND  OTHER  METEORS. 

TO  know  that  lightning  and  the  ele6Vric  mat-  B 
ter  are  the  fame,  is  a great  ftcp  in  na- 
tural philofophy,  but  we  mull:  ftill  remain  igno- 
rant of  tl^  caufes  of  many  of  the  appearances 
which  accompany  lightning,  fo  long  as  our  acquaint- 
ance with  the  properties  of  eleftricity  is  fo  very 
imperfe6t.  We  know  that  the  clouds  are  almoft  c 
always  electrified,  fometlmes  pofitively,  and  fome- 
times  negatively  j but  whence,  or  by  what  means, 
they  acquire  that  flatej  whether  by  the  heating  d 
or  cooling  of  the  air,  upon  the  Tourmalin  principle, 
whatever  that  may  be,  or  whether  the  clouds  be  e 
only  the  conductors  by  which  the  eleCtric  matter 
js  conveyed  through  the  air,  from  places  in  the 
earth  where  it  is  redundant,  to  other  places  where 
there  is  a deficiency,  cannot  eafily  be  determined. 
The  firft  is  the  conjecture  of  the  well  known 
Mr.  Canton,  and  the  latter  is  the  chief  propofi- 
tion  in  the  theory  of  that  great  philofopher  Sig. 
Beccaria  of  Turin.  It  is  probable  that  both  cir- 
cumltances  may  conduce  to  the  effeCt ; the  heating 
or  cooling  of  the  air  may  produce,  or  rather  col- 
lect, that  electricity,  which  is  fo  great  an  agent 
in  atmofpherical  events,  and  its  difeharge  may  be 
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cffefted  in  the  manner  in  which  Signior  Beccari^ 
has,  with  great  probability,  fuppofed  it  to  be  ac- 
complifhed. 

F The  recent  difpvery  of  Sig.  Volta,  of  the  ele6lri- 
city  of  vapors,  or  elaftic  matter  raifed  into  the 
atmofphere  by  fire  or  otherwife,  is  a moft  capital 
advance  towards  the  perfect  knowledge  of  the 
caufe  of  the  eledtric  ftate  of  clouds,  mills,  and  the 
like.  For  vapors,  carrying  off  a larger  portion 
of  eledlricity  than  when  in  the  fluid  Hate,  mull 
conftantly  give  out  a part  of  the  fame  (346,  d) 
when  they  arrive  in  the  fuperior  and  colder  re- 
gions of  the  air,  where  they  become  more  con- 
denfed,  and  form  clouds.  Clouds  and  rain  will 

• 4.  « 

therefore  naturally  have  the  pofitive  eledlricity, 
though  a cloud,  when  once  formed,  may,  by  its 
influence  on  neighbouring  clouds,  caufe  them  to 
become  negative  (321,  o),  by  imparting  not 
only  their  natural  furplus,  but  even  more  to  the 
earth. 

C A thunder-llorm  ufually  happens  in  calm  wea- 
ther. A dark  cloud  is  obferved  to  attradl  others 
to  it,  by  which  it  continually  increafes  in  magni- 
tude and  apparent  denfity.  When  the  cloud  is 
thus  grown  to  a great  fize,  its  lower  furface  fwells 
in  particular  parts  towards  the  earth,  fometimes 
by  light  flimfy  clouds,  and  fometimes  by  an  infe- 
rior protuberance.  During  the  time  that  the  cloud 
is  thus  forming,  flafhes  of  lightning  are  feen  to 
dart  from  one  part  of  it  to  the  other,  and  often  to 
illuminate  the  whole  mafsj  and  fmall  clouds  are 
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•obferved  moving  rapidly,  and  in  very  uncertain 
xdireftions  beneath  it.  When  the  cloud  has  ac- 
quired a fufficient  extent,  the  lightning  ftrikes  the 
earth  in  two  oppofite  places ; the  path  of  the  light- 
ning lying  through  the  whole  body  of  the  cloud 
and  its  branches. 

That  thunder-clouds  frequently  do  nothing  » 
more  than  condu6t  the  eleftric  matter  from  one 
place  to  another,  is  not  only  probable,  on  ac- 
count of  its  ftriking  in  two  places,  but  likewife 
from  the  confideration,  that  the  emilTion  of  the  flafh 
would  deftroy  the  ele6tric  ftate  of  tlie  clouds,  if  it 
. were  not  immediately  recruited  from  fome  other 
part.  But  the  eleftric  ftate  is  not  deftroyed  after 
a flafh,  if  we  may  judge  either  from  the  dearie 
apparatus,  or  from  the  cloud  itfelfj  for  the  firft 
appears  to  be  not  lefs  electrified,  and  the  latter  is 
the  next  moment  ready  to  make  as  great  a difeharge 
as  before.  Befides,  if  the  two  flafties  of  light- 
nins:,  which  ftrike  at  different  places,  nearly  at 
the  fame  time,  were  Ample,  fimilar,  and  inde- 
pendent difeharges  of  the  cloud,  why  fhould  they 
refemble  each  other  ? and  yet  they  do  very  much, 
as  appears  by  obferving  a thunder-ftorm  at  a 
diftance.  Then  it  is  feen,  that  if  one  part  of  the 
cloud  give  a Angle  flafh,  the  other  extremity  will 
give,  or  rather  receive,  a Angle  flafh  a fliort  time 
or  the  inftant  after ; but  if  it  give  two,  three,  or 
four  quick  fucceffive  flafhes,  the  other  extremity 
will  receive  a like  number  a little,  but  very  per- 
ceptible time  after.  The  angular  diftance  be- 
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tween  the  places  of  thel’e  correfpondent  flaflies 
frequently  four  or  five  points  of  the  compafs. 

It  is  remarkable,  that  molt  detached  clouds, 
whofe  angular  heights  are  but  fmall,  and  which 
confequently  may  be  viewed  in  profile,  are  vari^ 
oufly  arched  at  their  upper  furface,  while  their 
under  furface  is  horizontal.  This  appearance  is 
particularly  obfervable  in  thunder-clouds,  and  alfo 
takes  place  in  the  fmoke  of  refin,  or  fleam  of 
water,  eledlrified  by  the  common  machine. 

Whatever  may  be  the  caufe  that  diflurbs  the 
equilibrium  of  the  eledlric  .matter  in  the  atrnof- 
phere,  it  may  eafily  be  conceived,  that  when 
fuch  diflurbance  happens  in  the  upper,  and  highly 
rarefied  regions  of  the  air,  the  equilibrium  will  be 
reflorcd  by  dartings  and  eledlric  corufeations 
through  the  vacuum,  fimilar  to  thofe  exhibited 
in  the  vacuum  of  the  air-pump.  This  confidera- 
tion  accounts  for  the  aurora  borealis,  which  has 
commonly  a motion  of  darting  or  undulating  be- 
tween two  oppofite  parts  of  the  heavens. 

In  clear  and  calm  weather,  when  the  eledlricity 
is  not  very  flrong,  it  may  pals  through  the  air 
without  bringing  any  great  quantity  of  vapours 
into  its  epurfe^  and,  according  to  the  condudlors 
it  meets  in  the  air,  it  will  fometimes  be  rendered 
vifiblc  for  fmall  parts  of  its  pafiage,  and  occafion 
thofe  appearances  which  we  call  lliooting-flars, , 
It  is  obfervable,  that  Ihooting-flars,  feen  at  any 
time,  in  general  all  diredt  their  courfe  the  fame 
way. 


atmospheric  electricity.  361 

The  balls  of*  fire,  as  well  as  the  Ihooting-ftars,  M 
occafionally  feen  in  the  air,  feem  to  be  maffes  of 
eleftricity,  at  fo  great  a diftance  that  their  angular 
yelocity  is  not  fufficient  to  prevent  the  eye  from 
difeerning  their  lhape.  It  is  probable  that  every 
electric  fpark  or  fialh  of  lightning  confifts  of  one 
or  more  balls  of  fire,  though  their  extreme  velo- 
city prefents  them  to  the  eye  under  the  form  of  a 
line  or  lines  (i.  2.59,  o). 

The  ignis  fatuus,  or  Will-with-the-wifp,  is  a n 
luminous  meteor  that  feldom  appears  more  than 
fix  feet  above  the  ground.  It  is  found  chiefly 
about  bogs,  and  is  always  in  motion,  varying  both 
its  figure  and  fituation  in  a very  uncertain  manr 
ner.  In  the  plains  in  the  territory  of  Bologna, 
they  are  frequently  very  large,  and  give  a light 
equal  to  a torch  j and  there  are  fome  places  where 
one  may  be  almoft  fure  of  feeing  them  every  dark 
night.  It  has  been  conjedured  that  thefe  meteors 
confift  of  inflammable  air,  which  has  been  kindled 
by  eledtricity. 

It  was  obferved  of  water-lpouts,  that  the  con-  o 
vergence  of  winds  and  their  confequent  whirling 
motion,  was  a principal  caule  in  producing  that 
effedl  (63,  l);  but  there  are  appearances  which 
can  hardly  be  folved  by  fuppofing  that  to  be  the 
only  caufe.  They  often  vanilh,  and  prefently  ap- 
pear again  in  the  fame  place : whitifli  or  yellowifh 

♦ Dr.  Blagden  has  given  a valuable  ftatement  of  fafts  and 
dedudlions  rcfpecling  meteors  of  this  kind  in  the  Phil.  Tranf. 
vol.  74. 
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flames  have  fomctimes  been  leen  moving  with 
prodigious  fwiftnefs  about  them,  and  whirlwinds 
are  obferved  to  eledtrify  the  apparatus  very  ftrorig- 
Jy.  The  time  of  their  appearance  is  generally 
thofe  months  which  are  peculiarly  fubjed  to  thun- 
der-ftorms,  and  they  are  commonly  preceded,  ac- 
companied or  followed  by  lightning,  the  previous 
date  of  the  air  being  alike  in  both  cafes.  And 
the  long  eftabliflied  cuftom,  which  the  failors  have, 
of  prefenting  lliarp  fwords  to  difperfe  them,  is  no 
inconfiderable  circumftance  in  favor  of  the  fuppo- 
fltion  of  their  being  eieftrical  phenomena.  Per- 
haps the  afcending  motion  of  the  air,  by  which 
the  whirling  is  produced,  may  be  the  current 
known  to  iffue  from  eleftrified  points,  as  the  form 
of  the  protuberance  in  the  fea  is  fomewhat  point- 
ed i and  the  eleftrified  drop  of  water,  heretofore 
mentioned,  may  afford  confiderable  light  in  ex- 
plaining this  appearance. 

It  is  extremely  probable  that  earthquakes  owe 
their  original  to  the  difeharge  between  a cloud 
and  the  earth,  in  a highly  eledlric  ftate,  or  even 
between  two  clouds.  They  happen  moft  fre- 
quently in  dry  and  hot  countries,  which  are  moft 
fubjedt  to  lightning  and  other  eledtrical  pheno- 
mena j and  are  even  foretold  by  the  ele6bric  co- 
rufeations  and  other  appearances  in  the  air,  for 
fome  days  preceding  the  event.  Earthquakes  are 
attended  by  no  fire,  vapor,  or  fmell,  which  how- 
ever could  hardly  fail  to  appear,  if  the  common 
opinion,  of  their  being  occafioned  by  a fubterra- 
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neous  explofion,  were  true.  The  effe61:  of  an  ex- 
plofion  of  this  nature  would  be  a gradual  lifting 
of  the  earth,  after  which  it  would  fall  again,  and, 
no  doubt,  deftroy  or  change  the  courfe  of  fprings, 
and  confiderably  alter  the  face  of  the  country: 
the  contrary  to  all  which  is  true  j for,  as  far  as 
obfervation  can  determine,  the  fhock  of  an  earth- 
quake is  inflantaneous  to  the  greateft  diftances, 
and  feldom  does  more  mifchief  than  overthrowing 
buildings.  Earthquakes  are  ufually  accompanied 
by  rain,  and  fometimes  by  the  moft  dreadful 
thunder-ftocms.  All  thefe,  and  many  more  cir- 
pumftances,  but  efpecially  the  almoll  inftanta- 
neous  motion  of  the  fhock,  induce  us  to  look  for 
their  caufe  in  eleftricity,  the  only  power  in  nature 
that  acknowledges  no  fenfible  tranfition  of  time  in 
its  operations. 

Dr.  Prieftley,  in  his  Hiftory  of  Eleftricity, 
has  given  an  abridgment  of  Dr.  Stukely  s obfer- 
vations  and  inferences  on  this  fubjeft,  and  has 
himfelf  fhewn,  by  experiment,  that  the  elearic 
fhock  caufes  a vibration  fimilar  to  that  of  an 
earthquake,  when  it  paffes  at  or  near  the  furfaces 
of  bodies. 

It  may  be  here  obferved,  that  the  knowledge  r 
we  have  of  the  properties  of  elecT:ricity  has  been 
acquired,  for  the  greater  part,  within  the  laft 
half-century;  and  that  if  difcoveries  proceed  as 
rapidly  as  they  have  began,  it  may  be  hoped, 
-that  a fimilar  period  will  afford  a more  perfect 
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. acquaintance  with  the  influence  of  eleiflricity  not 
only  on  atmolpherical  events,  but  likewife  on  mag- 
netifiTi,  vegetation,  mufcular  motion,  and  other 
appearances,  in  which,  it  is  more  than  probable, 
this  great  and  adive  power  has  a fliare. 


THE  END. 
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jCH  ARDy  Mr.  his  proccfs  for  making  crucibles  of 

platina,  129. 

Acids  ^ 158. 

Actd^  acetous^  217. 

Acid^  aerial.^  158.  213. 

Acid  of  amber,  197. 

Acid  of  ants,  208. 

Acid  of  arfenic,  27 1. 

Acid  of  benzoin,  206. 

Acid  of  borax,  196. 

Acid  of  fat,  208. 

Acid  of  fluor,  or  fpar,  194.. 

Acid  of  lemons,  10^.  _ ^ . 

Acid,  marine,  142.  its  combinations,  i89&ieq. 

Acid  of  ?nilk,  207. 

Acid  of  molybdena,  282. 

Acid,  nitrous,  and  its  combinations,  180  & feq. 

Acid  of  phofpborus,  199.  262. 

Acid  of  prujftan  blue,  2I0. 

Acidofforrel,  204. 

Acid  of  fngar,  202 — 204.  206.  286. 

Acid  of  fugar  of  milk,  208. 

Acid  of  tartar,  21 X.  . . . ^ ^ 

Acid,  vitriolic,  17 1,  combinations  it  enters  into,  I/3 

fcq. 

Acid  of  wolfram,  280,  281- 

Affinity,  chemical,  137  & feq.  double,  144. 

Aggregation,  139. 

Air,  alkaline,  226.  . /r  ..o  or 

Air,  atmofpherical,  29.  its  fpeoific  gravity,  30.  PJ^flure,  31. 
refractive  power,  49.  fpring,  53.  apparatus  P 

ments  with,  152.  tell  for  afcertaining  Us  purity,  185^ 

- , is  an  eledlric,  317.  charged  with  elearic  matter,  336. 
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Jlir  haUoa%  92 — 100. 
j^ir^  fixed.  See  Jcid  aerial. 

Air fijiuor  acid.,  195. 

Air,  hepatic,  282. 

Air,  injlammahle,  93.  151.  167.  J79. 

Air,  marine  acid,  190, 

Air,  nitrous,  185,  186. 

Air,  phofiphoric,  283. 

Air,  pump,  100 — 1 1 1 . 

Air,  pure,  vital,  or  dephlogijiicated,  136.  1S2. 

Air,  vitriolic  acid,  172.  179. 

Alembic,  130. 

Alkali,  mineral  or  marine,  159.  220 — 222. 

, vegetable,  159.218 — 220. 

, volatile,  144.  160.  225,  226. 

Alloy,  232.  of  coins,  239.  242. 

Amalgams,  247.  for  eledtric  purpofes,  307,  308. 

Amber,  196.  its  acid.  Sec  Acid  ofi  Amber. 

Ammoniac,  fial,  144.  225.  vitriolic,  174.  nitrous,  187. 
Animals,  why  they  are  equally  hot  in  ail  climates,  124. 
Antimony,  273,  274. 

Apparatus  fior  impregnating  water  with  fixed  air,  155,  156* 
Aqua  regia,  192. 

Ardent  fipirit.  See  Spirit,  ardent. 

Argand,  286. 

Argillaceous  earth.  See  Earth,  argillaceous, 

Arfienic,  270.  regulus  of,  271. 

AJfiay  ofi  ores,  T-iC).  of  gold  by  cupellation,  236. 

Atmofiphere,  28  & feq.  its  height,  34.  35.  50. 

Attra^ion,  chemical,  1 37  & feq. 

Aurora  borealis,  360. 

Aurum  mufiivum,  267. 


B 


Baldwin's  phofphorus,  285. 

Balloon.  See  Air  Balloon, 

Balls  ofi  fire,  361. 

BarilUa,  22 1. 

Barometer,  32.  its  application  to  meafure  elevations,  35 — 48. 
its  rife  or  fall  from  mere  change  of  temperature,  40.  from 
the  varying  prelTure  of  the  air,  72.  marine,  73, 

Bath, 


I 


INDEX. 


Bath,  clfe7ntcal,  132. 

Battery^  eleSlrical,  332. 

Bell-metal,  254. 

Benzoin,  2o6 
Bergman,  173. 

Berthollet,  183.  192* 

Bifmuth,  269. 

Black  lead.  See  Plumbago. 

Black  wad,  277. 

Blow-pipe,  134 — 136. 

Boiling  point,  76.  125*  126. 

Bolognian  phojphorus,  285*  ■ 

Borax,  195.  its  acid.  See  Acid  of  Borax. 

Brafs,  253. 

C 


Calcareous  earth.  See  Earth,  calcareous. 

Calces  of  metals,  232,  233. 

Calx,  152. 

Canton's  phofphorus,  285- 
Card  of  the  mariner's  compafs,  289. 

Cafe-hardening,  261. 

Cajftus,  purple  powder  of,  238. 

Cerufe,  249. 

Charge,  electric,  324  & feq. 

Cinnabar,  243.  244. 

Clay.  See  Earth,  argillaceous. 

Cobalt,  271.  272. 

239.  ftlver,242.  _ n , ^ 

Colours  on  heated  copper,  251.  on  iron  or  Iteel,  257.  200 

Combujiion,  124.  125.  150.  167.  _ 

Compafs,  mariner's,  56.  289.  variation  of,  297. 

Condenfer  of  lledricity, 

Conductor  of  electricity,  302.  for  buildings,  353. 

Copper,  250—256. 

Corrofive  fublirnate,  246. 

Crawford,  Dr.  126.  151* 

Crucibles,  129. 

CryfialUzation,  152. 

Cucurbit,  130. 

Cupel,  129. 

Cupellation,  236. 

Cylinder,  eleClrkal,  30$. 
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Dalibard,  Monf.  351. 
Deflagration  of  nitre ^ 183.  ^ 
Diamond^  167,  168. 
Dipping-needle^  291. 
Dijlillation^  130. 
Diving-bell^  92. 
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Earths,  149,  150.  . s. 

Earth,  argillaceous,  164. 

Earth,  calcareous,  16 1.  . ^ 

Earth,  rnagnefian,  164. 

Earth,  ponderous,  162. 

Earth,  flUceous,  165. 

Earthquakes,  362 — 364. 

Eau  de  luce,  226. 

Eccho,  66. 

Eleiiric,  or  non-condu£ior,  302, 

EleSlricity,  48.  226.  obtained  by  rubbing  a tube  of  glafs, 
301.  its  habitudes  with  bodies,  302 — 304.  whether  it  be 
matter,  304.  obtained  by  a machine,  305,  306.  excita- 
tion of,  307.  pofitive  and  negative,  310- — 313.  attrac- 
tion and  repuHion,  313.  aftedted  by  points,  312.  314 — 316. 
338.  wind  caufed  by  it,  315.  fparks  crooked,  and 
through  a vacuum,  317,  318 — 336.  with  water  and  front 
low  points,  319.  320.  the  two  eledtriciues  diftinguifhed 
by  an  inftrument,  320.  produced  without  communica- 
tion, 321.  charge  of,  324  & feq.  fhock  from,  329.  con- 
denfed  by  jars,  330  & feq,  afFeds  the  thermometer,  and 
gives  polarity  to  needles,  334.  condenfed,  339.  inltruments 
to  meafure  its  intenfity,  342 — 344.  obtained  without  evi- 
dent fridtion,  345 347.  of  fifties,  349.  medical,  350. 

atmofpherical,  350 — 364. 

Ele£lrometer,  342 — 344. 

EleSlrophorus,  328. 

Elements,  or  flrjl  principles,  141.  147. 

E liquation,  250,  251. 

Epfom  fait,  175. 


INDEX. 


EJfay.  See  JJJay, 

Ether^  123.  238.  287. 

Ethiops  mineral^  244. 

Eudiometer^  186. 

Excitation  of  eU£iricity,  307 — 31 1, 


F 


Fermentation,  147.  2ii.  vinous,  2ii.  acetous,  212,  putre- 
fadtive,  213. 

Fire  engine,  80. 

Fijh,  eleSiric,  349. 

Fixed  air.  See  Aerial  acid. 

Flowers,  chemical,  1 31* 

Fluid,  defiried,  i.  prefTure  of,  3 & feq.  motion  of,  19—22. 

refiftance  of,  22. 

Fluidity,  its  caufe,  i.  118. 

Fluor,  194.  its  acid,  Acid  of  Fluor. 

Flux,  white,  220.  crude,  ibid,  black,  or  reducing,  ibid. 
Fountains,  22.  81.  82. 

Franklin,  Dr.  351. 

Freezing  mixture,  its  adlion  explained,  1 23. 

Freezing  point,  75.  127.  Thermometer, 

Fulminating  gold,  237. 

Furnaces,  132  & feq. 

Fufibility  of  metals,  altered  by  mixture,  232. 


G 


Cage  for  the  air~pump,  104 — 106. 
Galena,  240. 

Glafs,  142.  222.  276,  277.  , 

Glafs  of  lead,  249* 

GlaubeAs  fait,  174* 

Gold,  235 — 239.  252. 

Granulation,  232.  • 

Gravity,  fpecifc.  See  Specific  Gravity, 
Gunpowder,  183, 
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Hallefs 
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H 

Hallefs  hypothecs  concerning  the  variation  of  the  compafs^  298. 
Hardnefs^  its  caufe,  139. 

Harmony^  69. 

Heaty  1 12 — 126.  methods  of  applying  it,  127.  ftriking 
analogy  with  eledlricity,  345, 

Heliotropiuniy  158.  1 7 3. 

Hepary  176.  282. 

Hepatic  airy  282. 

Hydrometer  y 13. 

Hydrojlatical  iiyirumenty  1 5. 

^ Hydrojiatics,  3. 


Jary  ekaricy  330— 332. 

JCCy  158. 

Ignis  fatuuSy  361. 

InfammableSy  150. 

Jnjiammatkn  of  oils  by  nitrous  acid,  188.  of  iron  with  ful- 
phur,  264.  of  cupreous  nitre  with  tin,  266.  of  black  wad 
with  oil,  277.  of  various  fubftances  by  ele<5tricity,  333. 
Inky  263. 

Iron,  256 264. 


K 


Kirwaiiy  Mr.  119. 

KitCy  eUaricaly  352.  356. 


L 


Lampy  286. 

Lavoy  228. 

Leady  247 250. 

Leaf  gold  and filvery  their  thicknefs,  232. 

Ltmonsy  204. 

LifCy 
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Q 

Life^  146. 

Lightning.,  350  ^ 

Litharge,  236.  249. 

Liver  of  fulphnr,  I'j6, 
Loadjione,  294. 

Logarithms,  37. 

Longitude,  299. 

Luna  cornea,  241. 


M 


Machine,  eleSlrical,  305*  3°^* 

Magnefia.  See  Earth,  magnefian. 

Magnetifm,  257.  275.  288 30O. 

Manganefe,  19 1.  275. 

Marine  acid.  See  Acid,  marine. 

Mariner's  compafs,  56.  289. 

Marmor  metallicum,  162.  J75* 

Matrix  of  ores,  229. 

Mattras,  129. 

Melody,  69. 

Menjiruum,  14  3. 

Mercurius  dulcis,  246. 

Mercury  or  quichfilver , 17*  12,7*  2.43““^47" 

Metallic  fubjiances,  170.  231 — 234. 

Microcofmic  [alt,  200.  275* 

Milk,  206. 

Mineralizers,  228. 

Minium,  248. 

Mixture,  J42. 

Molybdena,  281.  282.  o 

Mountains,  their  height  meafured  by  the  barometer,  35  4^* 

their  ftrudture,  227. 

Mundic,  17 1. 

Mufic,  67 71. 


N 


Nairne's  electrical  machine,  306. 

Needle,  magnetic,  289.  dipping,  291. 

180-^183.  quadrangular,  187.  nxed 

219.  mercurial,  245. 

Nitrous  acid.  See  Acid,  nitrous. 
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by  charcoal, 


O Oils^ 
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O 

Oils,  285.  286.  inflamed  by  nitrous  acid,  1S8,  drying,  250, 
Ores,  228.  aflayed  and  I'melted,  229.  of  gold,  235,'  of  filver, 
240.  of  mercury,  243.  of  lead,  248.  of  copper,  251.  of 
iron,  257.  of  tin,  265. 


P 


Papinas  digefler,  149, 

Parker's  lens,  162. 

Parting  of  gold  and  filver,  237.  of  gold  alone  from  all  me- 
tals, 237. 
pewter,  268. 

Phlogiflon,  150.  167. 

Phofphorus,  170.  197 — 200.  283.  of  Bologna,  of  Baldwin, 
and  of  Canton,  284'.  285. 

Phofphore fence  of  bodies,  284. 

Plafer  of  Paris,  175. 

Platina,  237.  239.  240. 

Plumbago,  167.  169,  in  iron,  26r. 

Plumbu?n  corneujn,  249. 

Polarity,  288.  290.  334. 

Poles,  magnetical,  290. 

Ponderous  earth.  See  Earth,  ponderous, 

Pot-ajh,  218. 

Precipitate  per  fe,  243, 

Precipitation,  143. 

Priejlley,  Dr.  186.  363, 

Principles,  chemical,  141. 

P ruffian  blue,  208. 

Pump,  79. 

PutrefaSiion,  213. 

Pyrites,  171. 

Pyrophorus,  283.  284. 


d^ickftlver. 


Q. 


See  flfcrcury. 


R Radical 


INDEX. 


R 


Radical  vinegar^  252. 

Red  leady  248. 

Refractive  power  of  the  aivy  49.  renders  the  obfervations  of 
low  latitudes  uncertain,  50. 

Reguhis  of  arfenicy  27 1,  of  antimony,  273.  of  manganefe, 
275.  of  wolfram,  278.281.  of  molybdena,  282. 
Reftfance  and  retardation  of  motions  performed  in  fluids^  22 
& feq. 

Retorty  1 31, 

Romainy  Monf.  99. 

Roziery  Pilatre  de,  99. 

Rubber  of  the  ele^rical  machingy  306  S:  feq. 


S 

Sal-ammonicCy  144.  See  Ammoniac. 

i^a/tSy  149.  vitriolic,  172 — 178.  nitrous,  180 — 18^.  ma- 
rine, 192 — 194. 

Salty  commony  143.  189.  192. 

Salty  fedativey  or  acid  f borax y 196. 

Salty  microcofmicy  200. 

Salt  of  tartar y 219. 

Saturationy  143. 

Scheeky  192.  271.  , 

Seay  method  of  determining  its  depth,  89—92. 

Sealing  waXy  eledrified,  319. 

Selenitey  174.  nitrous,  187. 

Shocky  eletlricy  329.  332  Sc  feq. 

Siliceous  earth.  See  Earthy  filiceous. 

Silvery  24.0 — 242. 

Smalty  272. 

Smeltingy  22g. 

Smokey  whv  it  afcends,  55* 

Soapy  222 — 224. 

Soduy  flit  cfy  142.  See  MarinCy  or  Mineral  Alkali. 
Solution,  143. 

Sorrely  fait  of.  See  Acid  of  Sorrel. 

Soundy  65 7 1 . 

Spanijh  white,  269. 


1 N D E X, 

Spar,  talcarems  and  ponderous^  162,  Derbyflilrc  or  phofpho- 
refcent,  194. 

Speaking-trumpet^  67. 

Specific  gravities,  4.  ii — 18.  do  not  follow  the  denfities  of 
the  particles,  139, 

Speculum  metal,  255* 

Spelter,  273. 

Spirit,  ardent,  212.  286.  287. 

Spirit  of  fait.  See  Marine  Acid* 

Springs,  intermitting,  •jS. 

Stahl,  1^0.  ijy. 

Stars,  Jhooting,  360. 

Steel,  259. 

Steam,  83. 

Steam-engine,  83— ~8g. 

Stockings,  ele£irical,  346.  v 

Sublimation,  131.  , 

Sublimate,  cor ro five,  246. 

Sugar,  20  r.  21  r.  its  acid.  See  Acid  of  Sugar, 

Sugar  of  lead,  250, 

Sugar  of  milk,  207. 

Sulphur,  141.  169.  171.  176.  234,  electrified,  346. 

Sylvius,  fait  of,  19^. 

Syphon,  77 78, 


T 


Tartar,  215.  alkali  of,  219. 

Temperature.  See  Heat, 

Tempering  of  Steel,  260. 

Tejiing,  236. 

Thermometer,  73 — 77.  115.  its  natural  zero, 
by  electricity,  334. 

Tin,  264 — 268. 

Topaz,  348. 

Torpedo,  349. 

Torricellian  experiment,  31. 

Touch,  magnetic,  292 — 294. 

Tourmalin,  347. 

Tube,  eleSlric,  301, 

Tungfian,  297.  280. 

Turbith  mineral,  245. 

Twilight,  50—^ — 53. 


1 1 8.  affected 


V Vacuum, 


INDEX. 


V 

Vacuum^  luminous^  318.  336. 

Variation  of  the  compafs^  297— --3OO. 

Veins ^ metallic^  229. 

Verdigris,  252. 

Vermillion,  244. 

VeJJeU,  chemical,  129  & feq. 

Vinegar,  213,  216.  217*  252.  See  Acid,  acetous. 
Vitriol,  172,  178.  dephlogiiticatcd  by  gold,  237. 
Vitriolated  tartar,  174.  184. 

Volatile  bodies,  128. 

Volcanos,  227. 

Volta,  Mr.  341. 


W 


Wad,  black,  277. 

Water,  148.  i57»  paffim. 

Water-Jpouts,  64.  3^^* 

Welding,  257* 

Whirhuinds,  63. 

Whifpering  gallery,  67. 

White  lead,  249- 

Wick,  285,  286.  _ . T ■ r 

Willis,  Mr.  his  method  of  fecurmg  retorts  in  the  malcing  ot 

phofphorus,  132. 

Will-with-the-wfp,  361.  j j 

Winds,  their  caule,  55.  the  difFerent  winds  enumerated,  and 

accounted  for,  56 65. 

Wine,  fpirit  of  See  Spirit,  ardent. 

Woljrum,  278 281. 


Z 


\ 


Zafre,  272. 

7.ero,  natural,  of  the  thermometer,  118.  119. 
Zink,  272.  273. 
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